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FOREWORD

This order establishes procedures and responsibility for assuring the
optimum sel ection of sites for new FAA en route air traffic control radar
facilities. In the interests of conpleteness and to minimze the need for
reference to other material, the order also contains background expl anatory

information covering the current en route radar equipment and all applicable
siting criteria.

The material contained in this order is organized into four chapters:
(1) general introduction, (2) equipment considerations, (3) ARSR and ATCRBS
siting criteria, and (4) siting procedures. Several explanatory and/or
suppl enmentary appendi ces are al so included.

ekt 715

Martin T. Pozesky
Acting Director, Pr m Engineering
and Mai nt enance Service
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CHAPTER 1.  GENERAL | NTRCDUCTI ON

1.. PURPCSE. This handbook establishes specific procedures which are to be
observed in selection of sites for Air Route Surveillance Radar/Air Traffic
Control Radar Beacon Interrogator (ARSR/ATCBI) en route facilities. These
procedures are necessary to assure uniform and objective conparison of

candi date radar sites and to permt selection of an optimumsite.

2. DISTRIBUTION. This directive is distributed to branch level in the
Program Engi neering and Maintenance, Systens Engineering, and Air Traffic
Services and the Ofice of Flight Operations in Wshington headquarters; to
branch level in the regional Airway Facilities, Air Traffic, and Flight
Standards divisions; and to the Engineering and Production Branch and the
Airway Engineering Support Division at the Aeronautical Center

3. CANCELLATIONS.  FAA Order 6340.7, Long Range Radar ARSR Facility Siting
Procedure Handbook, is cancel ed

4. BACKGROUND.  Thi s handbook was prepared to neet the need for a clear and
conci se statenent of the procedures to be followed in selection of sites for
new en route ARSR/ATCBI installations. Observance of these procedures wll

al l ow superior future site selection at a |ower net long-termcost to the FAA
The material was prepared by IIT Research Institute under contract to FAA
after a careful review of regional site selection practices.

5. RESPONSI BI LITY AND AUTHORITY. In order to assure that selected sites
meet the needs of the agency, maxi mumattention shall be given to the selec-
tion of a radar site. A group shall be established in the Program Engineering
and Mai ntenance Service (APM to be the focal point for siting data. The
Service will chair a group conposed of regional, AAT, and APM personnel to
review, analyze, and recommend site |locations. The Director, APM shall be the
final approving authority for radar surveys. Devel opnent of-the operationa
requi rements shall basically be a regional responsibility. AAT

shall be the focal point for operational requirenments and shall establish a
group consisting of regional and headquarters personnel to review and recom
mend the final operational requirements. The procedures for establishing the
groups to coordinate operational requirements and site selection are specified
inthe latest edition of Order 6300.5, Enroute Radar And Beacon Siting Pro-
cedures, Respomsibilities, And appruvals: The Lirector of the Air Traffic
Service shall be the final approving authority for operational requirenments.

6. RELATED DOCUMENTS, The information contained in this handbook was ob-
tained fromprevious FAA en route and termnal radar siting documents, FAA
headquarters-and regional engineering personnel, FAA technical specifications
and manuals, and other nore general sources. Specific document references are
made in the text, with a conplete reference index at the end of the handbook

Chap 1
Par 1 Page 1
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7. APPLI CATION.  The information presented in this handbook is intended pri-
marily for the siting of new FAA en route radar facilities, but may also be
applied to facilities nodification/relocation and to the correction of siting
probl ens.

8. SCOPE.

a. Equipnment. This handbook covers site selection and report prepara-
tion for the ARSR-3 and the ATCBI-5 equi prents. Wth conparatively mnor
nodi fications, however, it should also be applicable to bther FAA |ong range
radar equi pnent

h. Limtations. Because of the sinplifying assunptions used in order to
reduce the equations and charts contained in this docunent to readily usable
form the user should be aware that coverage predicted by the techniques de-
scribed herein will necessarily be only a close approximtion to the actua
coverage obtainable froma given installation. The principal value of the
sel ection techniques presented is as a realistic yardstick for conparison of
the various sites under consideration

9. HANDBOOK  ORGANI ZATI ON

a. Chapter 2 of this handbook sunmarizes the operational performance
achievable with the ARSR-3 and otheren route radars and with the acconpany-
ing ATCBI-4, 5 radar beacon equipments in idealized, free-space situations.
It also discusses the significance of equi pnment characteristics as related
to site selection

b. Chapter 3 presents a fairly detailed discussion of ARSR and ATCRBS
siting criteria including coverage and facility requirements, coverage capa-
bilities, operational linmtations, and site requirements and limtations.

c. Chapter 4 provides a step-by-step radar siting procedure including
prelimnary data acquisition, prelimnary site selection, site survey, and

detailed site analysis.

10. REVISION OF MATERIAL. Revision of the material in this handbook will be
made periodically as required. Forward any recommendations for changes to
this directive through normal channels to the gommunications and Surveillance
Mi sion, APM 300, Program Engi neering and Maintenance Service

Chap 1
Page 2 Par 8
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CHAPTER 2. EQUI PMENT CONSI DERATI ONS

SECTION 1. | NTRODUCTI ON

11.  INTRODUCTION. This chapter of the ARSR/ ATCBI siting handbook constitutes
a short review of the operation of air traffic control equipment conmmonly in-
stalled aten route radar sites. Topics to be covered include a brief descrip-
tion of systemfunctions together with a discussion of those system character-
istics and paranmeters which are inportant to site selection or siting data
analysis. It should be noted, however, that this chapter is not intended as

a conprehensive general treatnment of radar and beacon system operation, but
rather as a brief highlighting of those ARSR and ATCBI features inportant to
site selection. For nore detailed textbook treatment the reader is referred
to references 1 and 2.

SECTION 2. AR ROUTE SURVEI LLANCE RADAR

12 FUNCTI ON

a. Ceneral. A surveillance radar consists basically of an antenna, a
transmtter, a receiver, an autommted data processor, and a display. The
transnmitter generates short pulses of radio energy which are radiated into
space by the antenna. A small portion of this energy is returned to the radar
after striking reflecting objects. Echo energy picked up by the antenna is
sent to the radar receiver and automated processor for anplification, detec-
tion, and special data processing. It is then displayed visually for opera-
tional purposes, as well as perhaps being processed in other ways. Since
radar energy travels at the speed of light, distance to the reflecting object
can be determned on the basis of time required for the radar pulse to trave
to and fromthe object. The bearing of the target is determned by the direc-
tion in which the antenna beamis pointed when the reflected pul se is received.

bh. Ar Route Surveillance Radar (ARSR). The Air Route Surveillance
Radar (ARSR), as its nane inplies, is a surveillance radar system designed
to detect the presence and location of en route aircraft. The aircraft re-
flected signals received by the radar are transmtted to anAir Route Traffic
Control Center (ARTCC), where they are displayed on an indicator for the use
of air traffic control personnel, The signals are also automatically supplied
to a conputer which maintains a record of the present |ocationsof allaircraft
in the region and predicts future locations of the aircraft. The conputer
uses this data to determine any major deviations fromthe aircraft's flight
plan and, nost inportantly, to detect any potentially unsafe situation due to
insufficient separation of aircraft. Use of ARSR equipnent, therefore, is
extrenely inportant to the safe, expeditious novement of air traffic

Chap 2
Par 11 Page 3
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c. Primary/Secondary Radar Systens. In order to provide increased
strength of the aircraft signal for inproved detection as well as to transmt
addi tional data such as aircraft identification and aircraft altitude, many
aircraft are equipped with radar beacons, However, since not all aircraft are
beacon equi pped, reliance nust be placed on the surveillance radar, and there-
fore the ARSR is designed as the PRIMARY RADAR to distinguish its functions
fromother en route radar equi pment. The radar beacon systemis often referred
to as the SECONDARY RADAR, Wile this latter designation may be subject to
alteration as nore sophisticated radar beacons assune a larger role in air
traffic control, the nature of ARSR equipment is such that it will probably
always be required. A surveillance radar is the only type of system capable
of providing information on the presence and |ocation of non-beacon equi pped
aircraft in the controlled airspace.

13.  EQUI PMENT PARAMETERS. Currently, the FAA utilizes Air Route Surveillance
Radars designated as ARSR-1, ARSR-2, ARSR-3, MERF (Mbbil e Enroute Radar Facil -
ity), ANFPS-20, and AN FPS-60. The ARSR-1/2 and the AN/FPS-20/60 are ol der
equi pments which are gradual Iy being replaced, and no further siting of these
radars is anticipated. They are not covered in this handbook, nor is MERF
equipment. The latter systemis used for tenporary or energency ATC purposes,
but is not a subject for permanent site establishment, The handbook, there-
fore, is intended for siting the ARSR-3 or subsequent new radar equi pment.

The inportant parameters of the ARSR-3 are tabulated below in table 2-1.

14,  AREA COVERAGE. The ARSR is capable of detecting aircraft which are with-
inits line-of-sight as the antenna rotates azinuthally through 360 degrees.
The precise region of area coverage provided by an ARSR i s dependent upon

(a) the parameters of the particular radar, (b) the target being detected,
and (c) the nature of the radar site.

15. VERTICAL COVERAGE. Each ARSR is used for detection and tracking of air-
craft overflying its control area as well as aircraft whose flights originate
and/or termnate within the control area. It is'inportant, therefore, that
the ARSR provide coverage throughout a wide range of altitudes. A typical
vertical coverage chart for the ARSR-3 for idealized conditions is given in
figure 2-1. This includes the effect of atmospheric attenuation, but not the
effect of precipitation nor the effect of ground reflection. Mre detailed
coverage charts are presented in chapter 3.

16. CHARACTERI STI CS PERTI NENT TO SI TE SELECTI ON.

a. Antenna Coverage. The function of the ARSR antenna systemis to
radiate the transmtter output energy into a directional beam and receive the
returning echo energy, passing it on to the receiver with a mninmmof |oss.
An electronic switching technique is used to switch the antenna fromtrans-
mtter to receiver, thereby facilitating operation and providing protection
agai nst receiver overload during the time of pulse transm ssion (nomnally
0.06 percent of the pulse repetition period).
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Table 2-1

ARSR- 3 PARAMETERS

Nominal PPl Range
Accur acy
Azi mut h
Range
Resol ution
Azi mut h
Range
Ant enna
Main (I ow bean
Pattern Shape
Beamwi dt h
Azi mut h
El evation
Max. Gain dBir
Scan Rate
Pol ari zati on
Passive (high beam
Pattern Shape
Beamwi dt h
Azi mut h
El evation
Max. Gain dBir
Pol ari zati on
RF Frequency VHz
PRF pPPS
Peak Power Qutput Mw
Pul se Duration us

Recei ver Noi se Figure (dB)
Sensitivity (dBm)
Log (Log/CFAR/AntiLog)
MTI (I and Q Log/CFAR/Antilog)
MTI (I or Q, Log/CFAR/Antilog)
WEA (Log)
WEA (MIT/Log/AntiLog)
Nor ma
MTI
Log
MTI | nprovenent Factor (dB)
Antenna Tilt Capability

between 276 and 399 PPS.
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207 nm

+ 0.180
+ 178 nni, .005 R

20
.25 nm

mod €Sc?6

1.10 min
3.69 min
34.5
5 rpm
LP/CP

mod CSC?6

0.990-1.10
3.6 M n
33.5
LP/CP
1250- 1350
310- 365 L/
5
2

4.0

-115
-112
-112
-113
-112
-114

39
30 to + 30

_b@ange of average PRF settings - range of instantaneous PRF with VIP is
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(1) Antenna Pattern. Probably the nmost inportant aspect of an
antenna's performance is its directive radiation pattern wherein the trans-
mtted energy is concentrated in some particular direction(s). ARSR antennas
produce a fan,beam narrow in the horizontal or azinmuthal direction to provide
good azimuthal resolution of closely spaced aircraft, and relatively broad in
the vertical direction to detect aircraft within a wide-range of altitudes.
Figure 2-2 shows a portion of the horizontal pattern including the na|n | obe.
Figure 2-3 shows a typical vertical pattern, which is a nodified csc?8 pattern
These two patterns shown are free-space patterns. Due to the effects of the
ground and other nearby objects, the actual radiation patterns of installed
ARSR antennas will differ fromthe free-space patterns shown.

(2) Antenna Gain. The gain of an antenna in a given direction is a
quantitative measure of the power transmitted in that direction as conpared
with some reference standard. Normally an isotropic radiator is used as a
reference, and antenna gain is given in decibels above the isotropic |eve
(dBir). Although antenna gain is actually angle dependent., a single number
t he maxi mum val ue of the antenna's gain, is frequently used to describe
antennaperformance. Maximum gain for the ARSR antennas is approxi nately
34.5 dBir, as indicated iii table 2-1

(3) Beamwi dth,

(a) Azimuthal Beamwidth. The antenna azimuth beamwidth is
descriptive for the angular resolution of the ARSR and is nmeasured at the
-3 dB points. For Air Traffic Control (ATC) purposes, good azimuth defini-
tion is provided by a focused parabolic reflector that concentrates the
radi ated energy into a narrow azimuthal angle, as shown in figure 2-2. Good
azinuth resolution is inportant in separating targets that are close to each
other. Al directions are covered by rotating the antenna horizontally at a
constant rate

(b) Elevation Beanmwidth. A csc?8 vertical pattern is often
chosen for the antenna's upper elevation coverage in order that the radar sig-
nal power froma given size target flying at a constant altitude be indepen-
dent of range. However, a radar with a requirement for |owangle coverage
will also receive a substantial amount of close-in clutter signal from ground
reflections. While much of this clutter energy can be elimnated by neans of
moving target indicator (nti) and other techniques, additional clutter reduc-
tion at short ranges can be provided by reducing the receiver sensitivity
for the very short ranges, and then gradually increasing the sensitivity dur-
ing the early portion of each pulse repetition time period. This sensitivity
time control (stc), while reducing the clutter, will also reduce the detecta-
bility of high-altitude, close-in aircraft unless the antenna's high-angle
vertical patternis modi fied to conpensate for the stc. The ARSR antenna
vertical pattern follows the csc?8 variation at |ow angles, but it is nodified
appropriately at the high angles to conpensate for the recelver stc. Accord-
ingly the vertical pattern is considered to be nodified csc 29, This
modi fication is evidenced by the plateau region in figure 2-3.
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Fig. 2-3 TYPICAL ARSR-3 AND MERF FREE- SPACE
. ANTENNA ELEVATION PATTERN
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(4) Polarization,

(a) Definitions, The direction of polarization of an antenna
is defined as the direction traced in a plane by the tip of the radiated el ec-
tric field vector, Most radars are linearly polarized;-that is, the direction
of the electric field vector is constant as a function of tine. The polariza-
tion my also be elliptical or circular. Elliptical polarization my be
consi dered as the combination of two linearly polarized waves of the sane
frequency, traveling in the same direction, which are perpendicular to each
other in space. The relative anplitudes of the two waves and their phase
rel ationship can assume any values. |f the wave anplitudes are equal, and
if they are 90 degrees out of (time) phase, the polarization is circular.
Crcular and linear polarizations are special cases of elliptical polarization
More details on polarization can be found in references 3 and 4.

(b) Performance Characteristics. Linear polarization nornmally
produces greater signal return due to higher values for the product of antenna
gain and target cross section in this polarization. Crcular polarization is
used at times, however, to reduce clutter produced by rain, fog, or other
weat her disturbances.. The inpact of reduced radar range coverage during oper-
ation with circular polarization and of its effect on tangential course prob-
| ems shoul d be considered when establishing a radar site. In the absence of
concl usive experimental data indicative of the degree of CP coverage reduction
for a given aircraft, the detection range with circular polarization may be
assunmed to be approximately 75 percent of the range with |inear polarization
This is based upon an interpolation of data fromp. 147 of reference 2.

(c) ARSR Polarization. ARSR equipnent is arranged to operate
using vertical, horizontal, or circular polarization. The ARSR-3 has two
radar channels-- each with its own transmtter and receiver, but with the
antenna shared using two separate inputs to the antenna polarizer. The two
channel s always utilize radiation with orthogonal polarizations: when one
channel uses vertical polarization, the other uses horizontal; and when the
pol arizer is switched to circular polarization, the two channels use radiation
with the opposite sense circular polarization (right handed and |eft handed).

(5) Scan Rate. The rate at which the ARSR fan beam antenna rotates
on its pedestal is called the scan rate. This rate is inportant to radar oper-
ation since it, together with prf and beamwi dth, determ nes the nunber of radar
pul ses which will inpinge upon a target during the passage of the search beam
The' nunber of pulses, in turn, affects target detectability. Scan rate is
equivalent to the primary radar data refresh rate supplied to the traffic
controller. The scan rate for the ARSR-3 is five rotations per mnute.

Chap 2
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(6) Passive Horn.

(a) Purpose. The ARSR-3 has two simlar antenna feedhorns,
one nmounted imedi ately above the other. The antenna patterns for the two
feedhorns (plus the reflector) are alnost identical except for a vertica
di spl acenent of approximately four degrees as shown in figure 2-4. The | ower
beam is used for transmssion, and for reception in the detection of targets
at long range, where the elevation angle is snmall. The upper beamis used
for reception in the detection of close-in targets where ground clutter re-
turns are present. Due to its upward tilt, the high beamhas a | ower gain
at the low angles where clutter returns arise, thus reducing the received
clutter power and consequently inproving the signal-to-clutter ratio.

(b) Performance. Use of the passive horn for signal reception
can provide as much as 19 dB of signal-to-clutter inprovement, thus enhancing
the radar's capability for detecting close-in targets. Inprovement for a
typical case is indicated in figure 2-5 ~ The overall radar coverage provided
by the main and passive antennas are also shown in figure 2-6 for a typica
case. The figures indicate that while use of the passive antenna provides
I mproved operation in clutter, this is achieved at the expense of free space
coverage of longer range targets. For this reason, ARSR-3 operations should
utilize the passive antenna only for target ranges where clutter is visible
to the main antenna. For |onger range reception, operation should be swtched
to the main beamto inprove detection capability.

(c) Beam Switching. After a radar pulse is transmtted on the
| ow beam radar returns are received sinultaneously on both the |ow and high
beams and their associated receivers. In each azinuthal sector signals from
t he hi gh-beam receiver shoul d be used for ranges out to the maxi mum clutter
range along that azimuth, and the |ow beam receiver output should be used for
ranges beyond the maximumclutter range. As a typical exanple of an un-
screened case, with an antenna height of 55 feet and O-degree antenna tilt
angle (for the lower 3 dB point of the |ow beam), the optinum sw tching point
woul d occur at approximately 9 nm, assumng clutter out to the radar horizon,
Switching is controlled in 32 adjoining azinuth regions (each 11.25 degrees)
by' the range/azinuth gate generator (rag). The available increments for range
switching are 10 nm for ranges between 10 and 100 nm, and 20 nm between 100
and 200 ami. Siting of the ARSR-3 should take into consideration the clutter
reduction capabilities provided by use of the passive antenna beam

(7) Antenna Height.

(a) Effect on Coverage. The height at which ARSR antenna is
installed, defined by the horizontal center line of the main horn, is inpor-
tant to the overall radiation characteristics insofar as these are nodified
by the reflecting of the terrain surface. Pattern distortion and vertica
| obing effects are natural by-products of over-ground installation and cannot
be wholly avoided. These effects are dependent upon the height of the antenna
instal lation. Radar screeningangle isalso inportant to overall ARSR operation,
and this too is affected by the antenna height. The selection of an antenna
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ARSR-3 ANTENNA DESIGN PATTERN

Fig. 2-4
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FIGURE 2-6 FREE SPACE ARSR -3 COVERAGE OF T-33 AIRCRAFT
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hei ght involves a trade-off in coverage requirenents. The tower should be
as high as necessary to achieve the required low altitude target coverage,

but shoul d be kept low to mnimze wavegui de | osses and to take advantage

of close in screening objects

(b) Available ARSR-3 Heights. The antenna heights avail able
for a given installation are constralned sonewhat due to the nature of stand-
ard FAA radar towers. Available tower heights are 25, 37%, 50, 62%, or 75
feet. The antenna main feedhorn i S an additional 12 feet above the top of
the tower. Consequently, the resultant height will be 37, 49%, 62 74%o0r
87 feet above the local surface of the ground

(8) Antenna Tilt Angle.

(a) Purpose of Tilting. The antenna tilt angle deternmines the
angul ar relationship of the elevation pattern with respect to the horizontal
This is adjusted after installation for optinmum radar performance. Consider-
ation should be given to tilt angle at the time of siting, however, since it
affects the anount of clutter received by the ARSR the range coverage pattern
and the depth of nulls in vertical lobing patterns of both ARSR and ATCB
equipment. Odinarily, antenna tilt is set at the best conprom se val ue
between (a) the | ow angles required for best long range coverage of low alti-
tude fixes, and (b) the high angles required for nmininmzing clutter input such
that good near-in radar detection is possible. For many installations this
occurs when the antenna's |ower half-power point is at an elevation of about
0.25' degrees. This rule-of-thumb may be altered in the case of ARSR-3 instal-
| ations where the passive horn nay allow use of |ower tilt angles than would
otherwi se be possible, due to the signal-to-clutter inprovenent noted above
Two types of antenna tilting are possible with the ARSR-3 as di scussed bel ow

(b) Tilting Antenna on Pedestal. The antenna reflector can be
tilted with respect to the antenna pedestal, This feature allows the beans to
be tilted within a six degree interval. The tilt is continuously adjustable
so that the underside -3 dB point of the | ow beam can be set to any angle be-
tween -3 degrees and +3 degrees above the horizontal. The underside =3 dB point
on the | ow beamelevation patternis the tilt reference point. This tilt nech-
ani smprovides the same beamtilt angle at all azinuths as the antenna rotates.

(c) Tilting of Pedestal. The nounting pedestal, which supports
the reflector, polarizers, and feedhorns is capable of operatingin anunlevel ed
position sufficient to tilt the antenna beam* 2 degrees in elevation with re-
spect to the horizontal when the antenna is directed at any specified azimuth,
The pedestal can be tilted in Ol-degree vertical increnents over the fuff %2
degree range. By tilting the antenna pedestal some amount, for exanple,1 degree
above normal in any direction, the antenna will mechanically scan sinusoidally
in elevation £ 1 degree as the antenna rotates through its 360~degree scan
For sone radar sites this type of capability could provide inproved | ow angle
coverage over clutter which is concentrated in one azinuthal sector
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(9) Radone. All ARSR-3 installations enploy a radome to protect the
antenna from severe weather conditions. The radone attenuates the radar sig-
nals by 0.6 dB in each direction. These |osses have been incl udedint heradar
coveragecharts includedinthi shandbook. TheMERF ant ennadoes not use ar adomne.

h. Signal Characteristics.

(1) Frequency. The rf operating frequency of the ARSR-3 and the
MERF is adjustable within the band 1250 MHz to 1350 MHz. Wile the MERF is a
single channel radar, the ARSR-3 is a dual -channel frequency diversity radar,
having duplicate transmtter and receiver systems with the two channel s oper-
ating at different frequencies. Sinultaneous operation at two frequencies
separated by at least 25 MHz (avoiding transnmit frequencies separated by the
STALO frequency 31.07 Mz, i.e., channel nunbers n and n+12) and using or-
thogonal pol arizations substantially inproves the probability of detecting a
slowy scintillating target. Selection of the operating frequencies for a
given ARSR installation should be made at the tinme of siting based on inter-
ference considerations. This can be done by collecting information on the
operating frequencies of all nearby radar and/or communications equi pment and
selecting a conpatible ARSR operating frequency. Selection should consider
the harnonic content of signals as well as their fundamental frequencies. ARSR

frequency selection is nade by r=gional Frequency Managenent Divi Sion personuel.

keference 15 provi des information useful in determning conpatible operating
rrequencies for ARSRSI tI Nng.

(2) Pulse Duration. The duration of the transmtted pul se estab-
lishes the range resolution capability of the radar, the range dinension of
each illumnated ground clutter patch, the required receiver bandw dth, and
the minimum range of the radar. Pulse duration is fixed at 2 m croseconds
for the ARSR-3 and MERF radars, as indicated in table 2-1.

(3) Pulse Repetition Frequency (PRF).

(aj Unanbi guous Radar Range. The nunber of radar pul ses trans-
mtted per second is known as the pul se repetition frequency. PRF deternines
the maxi num unamoi guous range of the radar, beyond which second-tine-around
echoes can appear as close-in targets. The regions of normal returns and of
second-ti ne-around echoes are shown In figure 2-7. Surveillance radars are
designed with prf's which ordinarily avoid the occurrenceof rangeanbiguities
within the area of desired coverage. However, conditions of anomal ous propa-
gation or an exceptionally strong source of reflection at a very distant loca-
tion may produce an anbi guous return.

(b) Target Detectability in Receiver Noise.

1 Fonnulation. The prf affects target detectability in sev-
eral ways. First, the prf, along with the antenna's azinuth beamwi dth and
angul ar scan rate, deternines the nunber of pulses, M, inpinging on the target
and integrated during each antenna scan. This number is inportant in determn-
ing the detectability of a weak target in the presence of receiver noise; it
is found from the follow ng relationship:
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eafr
M o= (2-1)
wher e
ea = antenna azimuth beamwi dth (degrees)
£ = radar prf (Hz)
w, = scan rate (rpm.

2 Application. This equation applies directly to the MERF,
which has one radar channel. However, for the ARSR-3, which has dual channe
capability, Mis twice as |arge when both channels are used. In both the
ARSR-3 and the MERF, 6, = 1,19, and w,. = 5 rpm Figure 2-8 shows the varia-
tion of M as a function of prf, for both single-channel and dual - channe
operation

(c) PRF Effects on Mving Target Indicator (mti) Perfornmance
In order that the nti system provide good clutter suppression as well as good
target detectability at all radial velocities, staggered prf's are used. In-
cremental adjustnment of the prf allows an average prf between 310 and 364. 5.
Any one of three prf stagger programs can be sel ected, depending on the aver-
age prf desired. [If second-time-around clutter returns are received and are
to be cancelled, the transm ssion nust be changed to a fixed interpul se per-
iod instead of the usual variable interpulse period. This feature can be
progranmed for one sector using the range-azinmuth generator (rag).

(d) Interference/PRF Assignnent. Wth suitable rf frequency
assignment, it is unlikely that interference will occur between the ARSR and
another radar, especially if the ARSR is geographically separated fromthe
other radar by a substantial distance, for exanple, several tens of mles.
However, if interference does occur, it is possible that adjustment of the
prf can reduce or elinmnate any operational difficulty. FAA frequency manage-
ment personnel are responsible for the final prf assignment as well as for
the rf frequency assignment. See reference 15

c. Receiver Characteristics. Only a small portionof theenergy radiated
fromthe antenna strikes a distant target in spite of the beam shaping pro-
duced by a narrow beam antenna. The target reflections are, in turn, wdely
scattered, producing a received echo signal which is very small. The radar
receiver, therefore, nust be capable of detecting and anplifying these weak
signals despite conpeting noise and clutter inputs.

(1) Sensitivity. The effective range of a surveillance radar for a
given size target, in nost cases, is directly dependent upon the sensitivity
of its receiver; that is, the ability of the receiver to detect and utilize
weak echo pulses. Generally, the weaker the signal which can be detected the
greater the effective range of the radar. The fundanental limtation on weak
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Fig. 2-8 HITS/SCAN VS PRF FOR ARSR-3
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signal detection is the noise generated in the receiver input circuits. To
achieve a satisfactory probability of detection along with an acceptable false
alarmrate, the received signal, after processing in the receiver, must be of
sufficiently greater anplitude than the inherent receiver noise. Were ground
clutter effects are observed, effective surveillance range is dependent upon
the ability of the receiver and processor to raise the ratio of input signa

to clutter-plus-noise to a level sufficient for detection

(2) Sensitivity Time Control

(a) Purpose. Sensitivity Time Control (stec) is incorporated
into ARSR systens to reduce the risk of receiver saturation due to clutter

returns, which can be especially strong at short range. |f the receiver is
saturated by clutter, it will not respond to the additional signal input from
a target, and thus signal detectability is inpaired. In order to reduce the

| i kel i hood of receiver saturation on these clutter returns, receiver gainis

intentionally reduced at short range, and gradually increased up to its maxi-
mum val ue at sone greater range where clutter is not likely to cause satura-

tion. The reduced sensitivity at short range may also reduce the visibility

of certain second-tinme-around echoes fromstrong, very distant reflectors and
undesired noving targets such as birds and autonobil es.

(b) STC Inplenentation. Adigitally generated stc control wave-
formis used for controlling a PIN diode attenuator ahead of the receiver's
rf anplifier. Four individually progranmble stc waveforns are avail able,
two for the upper beam and two for the |ower beam For each beam the range/
azinuth gate generator (rag) can be used for selecting which of the stc wave-
forms is used-- one with strong stc action in azimuth sectors with high levels
of clutter, or one with less stc in sectors with [ittle or no clutter

(3) Logarithmic Receiver Channel. A surveillance radar, especially
one which is utilized in an automated atc system should have a known, con-
stant false alarmrate in order to avoid frequently overloading the tracking
channel with spurious detections. Furthernmore, the receiver nust be capable
of handling incomng signals over a w de dynanmic range without limting or
saturating. Qherwise, a target signal, received sinmultaneously with strong
clutter, will not be detected. To provide the required performance, the
receiver is designed to have a logarithmc characteristic with over 60 dB
dynam ¢ range. As an additional feature to reduce the chance of experiencing
false alarnms on the |eading edges of clutter, the ARSR-3 receiver enploys a
special output filter. The receiver provides a virtually constant falsealarm
rate (CFAR), and is termed a |og-CFAR receiver.

(4) MTI Capability.

(a) Purpose. To inprove the ability of a radar to reject ground
clutter, a (mti) noving target indicator receiver is often enployed. Wth
such a system clutter rejection is achieved by signal processing techniques
whi ch distinguish between noving and stationary targets. In many ol der sur-
veillance radars this was done through the use of delay-line feedback networks
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whi ch provide destructive cancellation of the video return signals whose
phase and anplitude are unchanged from pulse to pulse. The phase of the
signal produced by a noving target is not constant from pulse to pul se and
so yields an uncancelled residue which can be detected. In new ARSR equi p-
ments, such as the ARSR-3, the video signal is sanpled, and the sanples are
stored as digital nunmbers. Consequently, in a digital nti of this type the
signals can be stored, delayed, weighted, and added with the convenience
accuracy, and stability associated with digital conputation.

(b) ARSR-3 Techniques. The ARSR-3 enpl oys several techniques
to yield inproved nti performance relative to earlier radars. It uses two
detector channel s, ani n- phase channel (1), and a 90-degree or quadrature chan-
nel (Q, to avoid the blind-phase problem which can be encountered in receivers
usi ng only one synchronous detector. The ARSR-3 uses a three-pul se canceller
with staggered prf to provide a relatively smooth mti velocity response wth
no blind speeds to over 2000 knots. Al so, the range/azinuth generator (rag)
provides thirty wi ndows where either nti video or |og video can be used. MTI
shoul d be used to inprove aircraft detection only wherethere is ground clutter
To avoid possible signal l|osses, such as those fromaircraft on tangentia
courses, do not use nti when not needed for reduction of ground clutter, Al-
t hough the ARSR-3 incorporates nunmerous features to control false alarns, ex-
treme ground clutter at sone | ocations nmay not be conpletely cancelled. To
hel p prevent alarns in such cases, a Dynamic Threshold Generator is incorpor-
ated in the radar. It senses and stores information on clutter anplitude
prior to'the nti canceller. Wen the clutter anplitude exceeds the cancella-
tion capability of the nti, the video quantizer threshold is raised by a smal
anmount.  The dynami cthreshol d isapplied onlyto thenti sectorsunder ragcontrol

(c) Performance. The nost inportant figure of nerit for an
nmi systemis the inprovenent factor,defined asthe ratioof signal-to-clutter
out of the canceller to signal-to-clutter into the canceller. For the ARSR-3,
whi ch uses a 3-pul se canceller, the nti inprovenent factor is 39 dB. As wll
be shown in chapter 3, signal detectability in the presence of clutter can be
determined using this value for the signal-to-clutter inprovement due to
recei ver processing, in conjunction with estimtes of received signal power,
received clutter power, and signal-to-clutter inprovement provided by use of
the ARSR-3 passive antenna horn (figure 2-5). Another inportant aspect of
ni performance is the behavior at various radial velocities. Figure 2-9
shows the signal response for the ARSR-3 mtichannel relative to the response
using the ARSR-3 normal receiver (log CFAR). There are no blind velocities
to over 2000 knots. At 75 knots radial velocity, relative response is down
by approximtely 8 dB. It then increases, and it is at |east equal to response
of the normal receiver down to the radial velocities of 20 knots.

(5) Pulse Integration. Pulse integration is enployedin surveillance
radars for the purpose of enhancing signal detectability. For the ARSR-3,each
of the two displaced transmtters illumnates the target approximately 12.5
times as the beam scans past the target. Thus, for dual-channel operation,
25-pul se echoes are received. Pulse integration is the process of adding
together the target returns fromthese successive pulses, thus yielding a

Chap 2
Par |016 Page 21



6340.15 5/31/83

Fig. 2-9 RESPONSE OF ARSR-3 MTI
RECEIVER RELATIVE TO NOR-
MAL (LOG CFAR) RECEIVER
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hi gher net signal-to-noise ratio, and consequently a higher probability of
detection (Pd) for a given false alarmrate. Al'ternatively, for a specified
required value of P4, integration allows the use of a I ower i nput signal-to-
noise ratio, and thereby increases the range to which a target is detectable.
The two' radar channels operate at an rf frequency separation of at |east

25 MHz so that the signal fading in the two channels is uncorrelated. The
statistics of the signal fading tend to follow the theoretical nodel of the
Swerling Cass Il target. The effective signal-to-noise inprovenent due to
integration depends on the probability of false alarm (Pg the probability
of detection (Pd), and the nunmber of pulses integrated (M? For Pg, = 10-6,
Py =0.8, and M= 25 this integration gain is approxi mtely 9.9 dB Pul se
integration is enployed in both the normal receiver and the nti receiver.

(6) Range/Azinuth Gating (rag). New ARSR equi pnent such as the
ARSR-3 wi |l contain a range/azimth gate generator which will generate a
variety of programable azimuth/range w ndows, azimuth gates, and rangegates.
Some of these are outlined briefly below. The added radar capability which
I's provided by the rag shoul d be considered at the time of siting, since it
may allow an increase in the nunber of potentially acceptable site |ocations.

(a) Video Gating. The rag provides for selection of one or
two video signals on range/azimuth basis. This will normally be used for
gating between nti and normal video. The rag will have the capability of
generating 20 range/azimuth gating wi ndows, beginning at zero range and
adjoining in azinmuth. Ten additional adjustable, isolated gating w ndows
will also be provided for this purpose.

(b) Antenna Beam Swi tching. As discussed above, the rag also
allows switching fromhigh to | ow beam antenna at sel ectable range in eight
contiguous azimuth regions beginning at zero range, and at four additiona
i solated range/azimuth w ndows.

(c) PRE_Stagger (peration. The rag provides the capability
for switching fromprf stagger to nonstagger operation on an azi muth basis.

(d) Receiver ®&in. The rag has eight isolated w ndows for
recei ver gain control, plus provision for selectionof either of twostc curves.

(7) Digital Target Extractor. The ARSR-3, as an integral part of
its design, incorporates a digital target extractor (dte) which converts the
hit-by-hit wideband radar pulses and the received beacon signal into digita
target centroid data along with aircraft identity and altitude information
at the radar site. The radar and beacon data can thusbe renmoted to the Air
Route Traffic Control Center over narrowband |inks, such as telephone |ines,
instead of via a wideband transm ssion system such as a mcrowave |ink

(8) Mving Target Detector (MID). |Inprovenents are constantly being
made to provide better signal detectability in the presence of clutter. The
moving target detector (ntd) is presently in devel opment and wi |l subsequently
be used in the ARSR-4 and other new air traffic control radars. |t will
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process digitized receiver output signals to detect moving targets, while re-
jecting fixed ground clutter, precipitation clutter, and pul sed interference.
It will incorporate numerous sub-units including a two-pul se canceller,digital
filters, clutter map, various thresholders, and a weather processor. The nti
i nprovement factor will be approximately 48 dB (within 2 dB of that obtainable
with an optinmum processor). The digital processing systems incorporated into

this unit will develop reconstituted video for display on standard FAA PP
di spl ays.

17.-19. RESEVED.
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SECTION 3.  AIR TRAFFI C CONTROL RADAR BEACON SYSTEM

20.  FUNCTI ON.

a. Purpose. The Air Traffic Control Radar Beacon System (ATCRBS) is de-
signed to provi dean enhancedradar detection,location, andidentification capa-
bilityfor controlof properly equipped aircraft. The systemis enployed at both
termnal and enroute FAA radar sites and is of extreme inportance to the
efficient control of aircraft, especially during poor weather conditions.

b. System Conponents. Wth ATCRBS, detection of aircraft is dependent
upon reception of reply signals froman airborne transponder device, a process
nornal |y nuch nore reliable than conventional radar surveillance. The basic
ATCRBS conponents include an interrogator, a transponder and an indicator
The Air Traffic Control Beacon Interrogator (ATCBI? transmitter/antenna
radi ates short coded pulses at a fixed frequency of 1030 Miz. This signal
when received and validated by an antenna/transponder unit aboard an aircraft,
initiates generation of a reply pulse train at 1090 M.

c. Target Detection and Display. Detection occurs when the transponder
reply signal is picked up by the interrogating antenna, processed, and dis-
played on an ARTCC indicator. Target bearing and range are deternined from
the antenna point angle and signal propagation time, as for a skin-track
radar. The range determ nation takes into account the tine delay introduced
by the airborne transponder unit. ATCRBS and ARSR transnissions are synchro-
ni zed such that the video output fromeach can be displayed, in proper align-
nent, on the same indicator. Additional information can be provided by the
beacon system since the reply pulse train format is independent of the inter-
rogation signal. The reply signal is usually coded to provide the controller
with aircraft altitude and/or identification information

d. Beacon System Designations. The Air Traffic Control Radar Beacon
System (ATCRBS) has been designated as the secondary radar to distinguish its
function fromother FAA radar equipnent. As nore and nore aircraft becone
beacon equi pped, however, this designation is likely to be altered as the
hi gh density conmercial termnals, ATCRBS is already the dom nant factor in
control operations. As such, ATCRBS shoul d receive comrensurate attention
at the tinme of site selection. The beacon systemcurrently being installed
with the ARSR-3 surveillance radar is the ATCBI-5.

e. Future Beacon System The FAA is developing a new aircraft surveil-
lance and data-link system the Discrete Address Beacon System (DABS). DABS
will permt evolutionary upgrading of the civil and mlitary air traffic con-
trol system The central feature of DABS is the use of a discrete address
code for each aircraft. Thus, each reply is identified with the proper air-
craft. The discrete address function also provides a highly flexible data
link supporting a w de range of advanced ATC automation services.
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21.  EQUI PMENT PARAMETERS. The inportant parameters and functions cf the
ATCBI -5 equi pment presently being sited with the ARSR-3 at FAA en route facil-

ities are tabulated in table 2-2

22.  AREA COVERAGE. The ATCRBS is capable of detecting aircraft withinits
line-of-sight at very long range. This is due to the high power capability

of the equipment and the fact that propagation |osses vary as R=2 for each of
the one-way beacon paths, rather than the R-% variation experienced by the
primary radar. The nmaxi mumrange of the beacon systemis governed by the
range of the interrogation link or the range of the reply link, whichever is
less. The range of the reply link is fixed and is far in excessof thenonina
maxi num 200-ni | e detection range for an ARSR facility. The range of the in-
terrogation link can also far exceed 200 nm if the interrogator transmtter
operates at full power. However, if desired, the interrogator power output
can be reduced so that the interrogation link has only the range required for
the beacon coverage needed. Thus the ATCRBS coverage range will ordinarily

be determned by the interrogation link. Equi pment shoul d nornallybe operated
at the lowest output power which will pernmt reliable coverage of the required
airspace volume. This practice will tend to minimize |ocal interference and
overinterrogation of aircraft transponders, and will reduce the fruit produced
in other ATCRBS facilities. Figure 2-10 shows the ATCRBS range coverage char-
acteristics; these are discussed nore fully in chapter 3. Since separate
transmtting and reply frequencies are used, ground clutter and weat her
clutter do not introduce any limtations on coverage.

23.  CHARACTERI STICS PERTINENT TO SITE SELECTION

a. Antenna Coverage. The ATCBI system has two antennas: the directiona
mai n antenna and an omidirectional antenna. The purpose of the main antenna
is to efficiently radiate the interrogation pulse energy in a directional beam
and to receive the transponder reply signals, sending themon tothe ATCBI re-
ceiver for processing. The main ATCBI antenna consists of the ARSR-3 reflec-
tor illumnated by a separate beacon feedhorn adjacent to the radar feedhorns.
An 8-foot-long vertical omidirectional transmitting antenna, used as part of
a sidelobe suppression system(sls), is nounted above the ARSR-3 reflector
The characteristics of these two beacon system antennas are described bel ow.

(1) Directional Antenna,

(a) Antenna Pattern. The radiation pattern of the directional
antenna is a fan beamnarrow in azinuth and broad in elevation as shown in
figures 2-11 and 2-12, respectively. The beamscans its coverage vol une as
the antenna is rotated at the 5 rpmrate of the. ARSR system Figure 2-11
shows a portion of the azimuth pattern taken at O degree elevation relative
to the maximum in the elevation pattern. The strongest sidelobe i S approx-
imately 26 48 bel ow the main lobe. Azinmuthal patterns for higher elevation
angles, e.g., 3 degrees, 10 degrees, 20 degrees, and 30 degrees (not shown)
indi cate similar |evels of sidelobes relative to the mainlobe radiation at
those elevation angles. The physical horizontal offset of the radar and
beacon feeds results in a 4-degres azinuth beam di spl acenent, which is
compensated for in the radar's digital target extractor (dte). Since the
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Table 2-2
ATCBI -5 PARAMETERS AND FEATURES

Ant enna
Di recti onal
Pattern Shape Fan Beam
Beamwi dt h
Azi mut h 2.0°
El evati on g0
Gain dbir 31
Pol ari zati on Vertical
Omi di recti onal
Gain dbi r 4 +1

I nt errogator
Transnitter

RF Frequency Mz 1030 + 0.2
RF Pul sewi dth wus 0.8 +0.1
Peak Power CQut put 50-3160 watts
RF Pul se Pair
Spaci ng
Mode 1 us 3+0.1
2 us 5+0.1
3/ A us 8§ +0.1
B Hs 17 + 0.1
C u 21 + 0.1
D u 25 £ 0.1
PRE 2/ 310 - 365
Mobde Interlace X
SLS Transm ssion X
| nproved SLS X
Recei ver
RF Frequency MHz 1090 + 0.2
Noi se Figure 9 dB
Tangenti al
Sensitivity - 87 dBm min
STC 10-50 dB

Defruiting - Digital Defruiter M- 8757 supplied
Rermoting Cabl e

Maxi num Length, ft 12,000
RG-11A/Uor RG-13A/U

Maxi num Length, ft 20, 000
RG-35A/U

2/ Synchroni zed with ARSR-3; Variable Interpulse Period (VIP)
ext ends PRF Range - ATCBI-5 STC recovery tine nust be consid-

ered for some VIP nodes.
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‘ Fig. 2-1l TYPICAL FREE-SPACE AZIMUTH PATTERN
FOR ATCBI DIRECTIONAL ANTENNA WITH
ARSR-3 REFLECTOR
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Fig. 2 -1 2 TYPICAL FREE-SPACE ELEVATION
PATTERN FOR ATCBI DIRECTIONAL
ANTENNA WITH ARSR-3 REFLECTOR
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beacon feedhorn is separate fromthe radar feedhorn, it can be independently
tilted to optimze usage of its sharp beam underside cutoff in controlling
ground illumnation and vertical |obing

(b) Antenna Cain. As nentioned above, the gain of an antenna
Is a quantitative neasure of the directivity conpared with a reference stand-
ard (usually an isotropic radiator). |Its maxinmumvalue is used as a measure
of antenna performance. As noted in table 2-2, the maximumgain for the ATCB
main antenna, as part of the ARSR-3 systemis 31 dBir.

(c) Beamwidth. Since ATCBI equi pment must performa function
simlar to that of the primary radar, antenna beamw dth requirements are also
simlar. The 3 dB azinuth ATCBI beamwidth is narrow (2.0 degrees) to provide
good target resolution, and elevation beamwidth is broader (approximtely 9
degrees) for good vertical coverage of the surveillance volunme, Target altitude
information is not derived fromthe beacon antenna el evation pattern, but
directly fromcoded data in the beacon reply signal

(d) Polarization. ATCRBS equi pment, because of the requirenent
for cooperative operation of both ground and airborne equi pment, operates only
with vertical polarization

(e) Scan Rate. Because the same reflector is used for both
the ARSR-3 antenna and the ATCBI main antenna, the scan rate of the beacon
systemis the sane as that of the radar, 5 rpm

(2) Omidirectional Antenna. In all ATCBI installations a supplenen-
tary, fixed omidirectional antenna is enployed in conjunction with the use of
a Sidelobe Suppression (sls) system SLS, which is described below, utilizes
the omidirectional antenna to suppress interrogation of properly equipped air-
craft transponders via sidelobe transm ssion paths. In addition, use of
i nproved sls suppresses interrogation of properly equipped aircraft trans-
ponders via reflections fromnearby objects. The elevation pattern of this
antenna is given in figure 2-13. The omi antenna has a sharp cutoff on the
underside of its vertical pattern to mnimze differences between the vertica
| obing patterns of the main beacon antenna and the omi antenna. The vertica
di spl acenent of the directional and omi antennas will result in some m smatch
of the lobing patterns. Maximumgain of the omi antenna is 5.5 dBir. The
antenna is vertically polarized.

(3) Five-Foot Planar Array. The antenna systemto be used with the
en route DABS, when it is incorporated, is the five-foot, light weight-high
gain array, A typical elevation pattern for this antenna is shown in figure
2-14 and an azimuth pattern in figure 2-15

b. Signal -Characteristics.

(1) Introduction. The ATCRBS signal characteristics can nost con-
veniently be discussed in terns of the basic interrogation signal, the reply
signal, and the added features of the interrogation signal which act to sup-
press the unwanted interrogations caused by sidel obes of the interrogator/main
antenna. These signal characteristics are discussed bel ow.
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Fig. 2-13 TYPICAL VERTICAL PATTERN OF ATCBI
OMNIDIRECTIONAL ANTENNA USED WITH .
ARSR-3
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FIGURE 2-14 TYPICAL FREE SPACE ELEVATION
RADIATION PATTERN FOR FIVE- FOOT
LIGHT- WEIGHT HIGH GAIN ARRAY TO BE
USED WITH EN ROUTE DABS
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(2) Basic Interrogation Signal

(a) Mbdes. ATCBI-5 interrogators transmt a sequential series
of three 0.8-us pulses at 1030 MHz as shown in figure 2-16. The first and
third pul ses, Pl and P3, are radiated via the ATCBI directional antenna and
are the basic interrogation signal. The spacing between Pl and P3 establishes
the interrogation node as shown. (P2 is radiated via theomiantennafor side-
| obe suppression 2.0 us after Pl is radiated fromthe directional antenna).

Si x possible nodes (designated node 1, node 2, node 3/ A, node B, node C, and
node D), may be used, but usually only nodes 3/A (comon identity)and C (comon
altitude) are used in air traffic control. It is conmon to interlace these
two nodes on a 1:1 or 2:1 basis to update identity and altitude data on each
scan of the ground based antenna. The interrogation node sequences avail able
with the ATCBI-5 interrogators, some interlaced and some not, are given bel ow
The X, Y, and Z correspond to any of the ATCRBS node designations (i.e., mode 1,
2, 3/A B, C, D).

).6:0.0:0. QRN ...(no interlace)
YYYYY............... (no interlace)
272227 ............. .. (no interlace)

(b) Interrogation Repetition Frequency, The rate at which the
interrogation pulse programis transmtted is termed its prf. This rate is
normal |y adj ustabl e between 150 and 450 Hz. The adjustnent is inportant to
equi pment installation insofar as it nmust be kept different from other ATCB
equipment in the vicinity. Selection of a unique prf for beacon operation
enhances the capability of its video defruiting equipment, thereby resulting
in inproved ATCBI performance. In joint ARSR/ATCBI installations, the ATCB
prf is derived directly fromthe basic prf of the ARSR equi pnent. Because of
this interdependence, and the interference inplications to operation of both
systens, prf selection is usually the responsibility of FAA Regional Frequency
Management  per sonnel

(3) Reply Signal. For each interrogation, the elicited transponder
reply (at 1090 MHz) conprises up to 16 pul ses spaced at nultiples of 1.45 us
as shown in figure 2-17 and table 2-3. Two of the pulses, Fl and F2, are
al ways present to define the pulse train. The other pulses contain the coded
data (usually identity or altitude) requested by the interrogator node selec-
tion. The specific aircraft identity code used is assigned by the airtraffic
controller through voice comunications, Also, one of the reply pulses can
be used for special identification if the same identity code has been redun-
dantly assigned to two or nore aircraft within the surveillance vol une. Spe-
cial reply code provisions enable the pilot to declare an emergency or a com
nmunications failure. Sone exanple pulse trains are illustrated in figure 2-17
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Figure 2- 16. INTERROGATION PULSE SPACINGS
FOR ATCBI MODES

> &
'L.i

|_|__| Mode |
.__5—.‘
—I l_l H Mode 2

8
—
1 H Mode 3/A
- 17
—I |_| Mode B
- 2!
1 D -
I | ] Mode C |
- 25
—I ﬂ Mode D —]
Pl P2 P3
Notes : (1) All Times In Microseconds
(2) All Pulses 0.8 Microsecond Wide
(3) PI 8 P3 Are Radiated By Directional Antenna;
P2 Is Radiated By Omni Antenna
Chap 2

Page 36. Par 23



5/31/83 6340. 15

Figure 2-17 EXAMPLES OF ATCRBS REPLY
’ PULSE CODES
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Table 2-3
ATCRBS TRANSPONDER REPLY CODES

e Two Framing Pulses (F1, F2) ... .. .......... ... ... ......
13 possible information pul ses
between fram ng pul ses F1, F2.
IDENT pul se spaced 4.35 us after F2.

e Reply Pulse Train

5/31/83

0.45 + 0.10 us

.45 + 0.10 ps

Pulse Wdth .o 0

PUlSE SPaCing ... 1.45 us
Pul se Qo 1.45 us
PUl SE Al o 2.90 us
PULSE G2 it 4.35 us
PUIL SE A2 oo 5.80 us
PULSE A o 7.25 us
PUlSE A o 8.70 us
PUL SE X e e, 10. 15 us
PUl SE Bl .ttt 11.60 us
PUl SE Dl o 13.05 us
PUL SE B2 ot ..14.5 0 us
PULSE D2 it ..15.9 5 us
PULSE BA o ..17,40 us
PULSE DA o, 18. 85 us
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(4) Side-Lobe Suppression (SLS)

‘(a) Purpose, This feature is incorporated into ATCBI equipnent
to reduce interrogationof aircraft transponders via side-1obe radiation (nom-
nally 24 dB bel ow the peak of the beam) of the directional beacon antenna
Depending on the power transmitted, side-l1obe ATCBI radiation can trigger
replies at considerable distances fromthe radar, giving rise to a PPl effect
known as ring-around (figure 2-18) with great deterioration of azimuth accu-
racy and resolution, and increased interference. Side |obe suppression tech-
niques are incorporated into the systemto allow aircraft transponders to

di stingui sh between main and sidelobe interrogator radiation.

(b) Description. Wth the sls feature, normal directiona
radiation of Pl and P3 pulses is augmented by radiation of a control pulse,
P2, from the ‘ATCBI omi directional antenna. The P2 pul se, which always fol -
| ows the P1 pul se by 2 us, is conpared in anplitude with P1 in transponders
equi pped with sls circuitry. The pulse anplitude conparison is inplemented by
a desensitization technique. Upon receipt of a pulse with nmore than 0.7 us
duration, the transponder receiver is desensitized to a level which is within
9 dB of (but not exceeding) the anplitude of the desensitizing pul se. Recov-
ery is approxinmately linear over a 15 us interval. Wen the Pl pul se anpli-
tude is 9 dB (or nore) greater than the P2 pul se anplitude, indicative of
mai n beam interrogation,the P2 pulse is not detecteddue to desensitization
and a transponder reply is generated after reception of the P3 pulse, [If the
P1 and P2 pul se anplitudes are equal, clearly indicating a side-lobe transm s-
sion path, the P2 pulse is 'detected despite receiver desensitization and the
transponder's reply capability is suppressed for aperiod of 35+10 us. Figure
2-19 indicates the pulse tining and anplitude relationships of the sls system

(c) Effect of Miultipath. Whereas ring-around is effectively
control | ed by side-lobe suppression, the technique is not as effective in re-
noving the effects of reflections or nultipath. Under this condition, false
targets are generated when main beam energy fromthe ATCBI directional antenna
successfully interrogates a transponder via a reflected signal path. \Wen this
occurs, in addition to the proper target display, a false target is displayed
at the azinuth of the reflected path and at a range corresponding to the path
length, including the reflection segnent of the path. This is illustrated in
figure 2-20

(d) Exanples of Miltipath. Under the condition where the dir-
ect path sls P2 pulse and directional antenna side-lobe Pl and P3 pul ses are
received by the transponder, a 35 + 10 us suppression gate is generated which
prevents sone reflected path interrogations. This isillustrated in figure 2-21
Several conditions can occur, however, in which the sls systemis not able to
prevent successful reflected path interrogations. These include the follow ng
situations which are shown diagrammtically in figure 2-22. In each case, the
reflected false targets can be generated despite the presence of sls circuitry.

1 Target ranges where airect path maln (directiona

antenna) side-|obe (pl pul se) energy is below t he transponaer sensitivity-
threshol d.

Chap 2
Par 23 Page 39



6340.15 5/31/83

Figure 2-18 PPl TIME EXPOSURE FOR A RADIAL FLIGHT
SHOWING RING -AROUND EFFECTS .

Figure 2-19 SIDE - LOBE SUPRESSION SYSTEM (SLS) AMPLITUDE

RELATIONSHIPS AND ANTENNA PATTERNS ’
Tronspgnder }_?_eplies — 9DB ?

74~ Iransponder May ’Z’; - T

7A_ Suppress Or Reply  gpg V774

Transponder Suppresses

P2 3 - Pulse System P3
{Contro!
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Directional
(PI 8 P3)

Omnidirectional
( P2)
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Figure 2-20 EFFECT OF REFLECTED-PATH
BEACON OPERATION

Refl ecting
Surface

72
./;/
';zf;;f‘f

a) Normal Interrogation b) Reflected Path Interrogation

False Target

Real
Target

c) Resulting PPl Presentation
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Figure 2-21 SUCCESSFUL SLS ACTION AGAINST
REFLECTED PATH INTERROGATION
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Figure 2-22 TRANSPONDER INPUT PULSE AMPLITUDE
DIAGRAMS SHOWING UNSUCCESSFUL SLS
ACTION AGAINST REFLECTED PATH
INTERROGATION
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2 Path arrangenents where the reflected pulses are
recei ved nore than 35 + 10 us after direct path pul ses.

3 Path arrangenents where the reflected pulses are
received nore that 2 us after direct path pul ses.

(5) Inproved Side-Lobe Suppression (ISLS)

(a) Introduction. Mst ATCBI equi pments now incorporate an
I sl's system designed to provide additional imunity against the effects of
reflected path interrogation. This is acconplished by allow ng the omi-
directional antenna to transmt the Pl interrogation pulse as well as the P2
control pulse, while the directional antenna transm ssion is unchanged.

(b) Description of Technique. In a reflected path situation,
the isls provides the transponder with considerably higher direct-path p1
pul se anplitude, thus nore readily allow ng the establishment of a suppression
gate in the airborne unit. This effect is illustrated in figure 2-23; it
reduces to a considerable degree the condition of unsuccessful sls that could
occur when direct path illumnation is froma rull in the sidelobe pattern as
described i n subparagraph 23b(4) (d)1 abcve. The tmerelated sls deficiencies
noted are unaffected by the incorporation of isis, hcwever. |t should there-
fore, be noted that several conditions still occur for which the (isls) system
I's incapable of preventing successful reflected path interrogation, and hence
false targets. These include

1 Target ranges where direct path omidirectional antenna
energy is below the transponder threshold. This can occur due to bl ockage
effects in addition to range attenuation. Assum ng no bl ockage, the maxi num

range at which a suppression gate can be generated can be found fromfigure 2-24.

2 Path arrangements where the reflected pulses are received
nore than 35 + 10 us after direct path pulses (i.e., after the termination of
a suppression gate). This effect may be determined fromfigure 2-25, which
applies to both sls and isls operation.

3 Path arrangenents where the reflected pulses are
received nore than 2 us after direct path pulses (i.e., before a suppression
gate can be formed). This effect may determned fromfigure 2-26, which applies
to both sls and isls operation

(c) Undesired Suppression of Replies. Wile the isls tech-
nique has utility in many applications, its useand power |evel should be
carefully weighed since it does increase the incidence of transponder suppres-
sion. During the suppression interval, a transponder is unable to respond to
any interrogation, thus affecting its ability to reply to other ATCRBS
interrogators desiring a reply. As a mninmm however, sinple sls should be
used to prevent ring-around and fruit caused by side-I|obes.
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Figure 2-23
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(6) Reply Rate Limting.

(a) Automatic Overload Control. The radar beacon system may
suffer fromthe ef fects of over-interrogationon the single transmission fre-
quency. An airborne transponder may be within line of sight of many ground
stations and hence will receive nmany interrogations. An automatic overload
control (aoc) circuit in the transponder protects the transmitter from over-
| oading and tends to aid the systemby reducing reply densities based on
signal strength. AOClevels in a transponder are nornally set at 1200 replies
per second. (Transponders used in aircraft which do not operate above 15,000-
foot altitude may not be capable of nore than 1000 replies/second. In this
case, the reply rate limted is set to maximum) Above this level, the sen-
sitivity is reduced to discrimnate against replies from weaker sources. This
al so discrimnates against |ower |evel side-lobes, reflections, and nore
di stant stations.

(b) Deadtime Circuit. A deadtime circuit is used in the trans-
ponder to elimnate the effect of transmitting overlapped codes in response
to nore than one interrogator; afterreceipt of a validnode interrogation pair
the transponder is disabled until the reply code is transmtted, A second
reply cannot be initiated until the deadtime gate is term nated. Transponder
deadtime includes the duration of the coded reply transm ssion, plus an addi-
tional period of not nore than 125 us. The probability of success, P_, for a
particular interrogator to elicit a reply is given by @

(fslsTs) -1
Pa = € + fiT
wher e fSIS = gidelobe interrogation rate fromall other
stations
T, = sl s suppression gate duration (35 + 10 us)
£, 0= interrogation rate of all other stations
T = transponder deadtine.

c. Receiver Characteristics, The ATCBI receiver detects the signals
generated by a "visible" airborne transponder in response to any and al
interrogatorsin thevicinity. Itenploys thespecial techniquesof sensitivity
time control and video defruiting to inprove operations. These are discussed
bel ow.

(1) Sensitivity Tinme Control (STC). The stc feature is incorporated
into ATCBI equipnent for somewhat the same reason as is done in an ARSR system,
nanmely, control of the receiver operating characteristic. For beaconoperation
the received power froma given transponder will vary inversely withthe square
of transponder range. An ATCBI receiver stc characteristic, therefore, which
conmpensates for this variation will tend to reduce the visibility of reflected
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path and side-lobe replies, and of other unwanted inputs, without inpairing
the detectability of legitimte beacon targets. STC adjustments are made by .

reducing receiver gain by 10-50 dB (bel ow maxi mum sensitivity) at 15.36 us
after the leading edge of pulse P3. Gin is then allowed to recover at a
suitable rate, the ®2 rate bei ng standard for FAA facilities.

(2) Video Defruiting. The ATCBI video defruiter greatly reduces
t he anount of nonsynchronous interference which can appear in an output dis-
play « This is done through filtering of the raw video pulses at the output
and passing only those pulses whose prf is the sanme as thatoftheinterrogator
towhichit i s connected. Asynchronous replies resulting from interrogationshy
other ATCBI equipment, second-tine-around echoes (withjitteredprf), interfer-
ence pulses, etc., are rejected by the defruiting equipment while the legiti-
mat e synchronous replies are allowed to pass on to display units uninpeded.

SECTION 4.  ANCI LLARY EQUI PMENT

24,  TRANSM TTER/ RECEI VER BUI LDING  The ARSR and ATCBI transmitters and re-
ceivers will be housed in a pre-fabricated metal bui | ding assenbled on site.
The building will also acconmodate an administration area and, for joint FAA
USAF sites, a Joint Surveillance System (JSS) annex. Figure 2-27 shows the
ARSR-3 site layout. Building design details and standard site |ayout draw
ings should be available at all FAA Regional Offices. Site layout for the
ARSR-3 is shown in FAA draw ngs.

25. RADAR TOMER  The radar and ATCBI antennas are mounted on a steel tower ‘
whose height is selected for optinumradar performance. The basic tower height

is 25 feet; this can be increased by installing up to four 12%-foot sections,

provi ding a maxi mumtower height of 75 feet. The ARSR-3 antenna feedhomis

approximately 12 feet above the tower platform and the ATCBI omi antenna is

mount ed approximately 35 feet above the platform The antennas are encl osed
inarigidradome 57% feet in diameter.

26. ELECTRICAL POAER FACILITIES. The ARSR equi pnent operates from a three-
phase, four-wire 60-HZ source of 120/208 volts. As shown in figure 2-27, a
transformer substation will normally be installed on siteto provide this power
from the comrercial source. An auxiliary power source, -an engine-generator
housed in a small prefabricated building, provides power in the event of fail-
ure of the commercial power.

27.  REMOTI NG _EQUI PMENT.

a. Leased Data Line. As discussed above, the broadband radar and beacon
target data are converted to narrow band signals suitable for transm ssion
over data lines which can be |eased from the telephone conpany, if available.
This is the normal mode of data remoting from ARSR-3 sites.

b. Radar Mcrowave Link (RM). \Were use of tel ephone conpany |eased
lines is not possible, a radar mcrowavelink isrequired. Insucha situation,
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the radar siting operation should include siting of the necessary RML equi p-
nment. The cost of necessary RML equi pnment should also be included in siting
estimat es

28. HEIGHT-FINDER RADAR At ARSR sites designated as JSS sites,anAir Force
hei ght finder radar will be co-sited with the ARSR equipment. |n such cases
the consideration of siting plans should be coordinated with appropriate Ar
Force siting personnel to assure satisfactory siting of both the ARSR and the
hei ght finder equipments.

29. ELECTRICAL CGROUNDING SYSTEM  Both the lightning protection system and

the neutral wre of the electrical power systemrequire |owresistance connec-

tions to earth. The resistancedepends onthe extent of the electrical grounding
rods and the buried wire counterpoise, as well as upon the resistivity of the
soil. Exceptionally dry or rocky soil can cause |arge values of earth resis-
tivity, and therefore require a nore extensive and costly grounding systemin
order to achieve the desired |ow resistance to earth. For this reason, earth
resistivity measurenments should be nade as part of every site evaluation

30.  RESERVED
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CHAPTER 3. ARSR AND ATCRBS SI TING CRI TERI A

SECTION 1. | NTRODUCTI ON

31. I NTRODUCTI ON

a. Siting Requirements. The primary requirement when siting ARSR and
ATCRBS facilities is to provide the radar and interrogator coverage necessary
to enable effective monitoring/tracking of aircraft in the enroute airspace.
In the site selection process, a number of factors must be consideredin order
to recommend the nost suitable site. These nmay be grouped into the major
categories of (1) coverage and facility requirements, (2) ARSR-3 and ATCRBS
coverage capabilities, (3) operational limtations, and (4) installation re-
quirements and limtations. Assunption is nade that the nunber of sites re-
quired for most efficient provision of required coverage was determned at an
earlier planning and budgeting phase.

h. Siting Responsibilities and Approvals. Operational requirenents are
the responsibility of the region in which the site is |ocated, but coordination
with all affected jurisdictions must be carried out where joint use sites or
sites across regional boundaries are involved. Procedures, responsibilities
and. approval s required are specified in Order 6300.5, Enroute Radar And Beacon
Siting Procedures, Responsibilities, And Approvals.

c. Site Selection Process. The coverage requirenents, basic facility
requirements, and the coverage capabjlities of the ARSR and ATCRBS equi pnent
formthe basis for selection of a few possible sites. This choice is further
narrowed by considering the various physical restrictions such as |and avail -
ability, cost, logistic support, etc. The effect of the site on operationa
radar performance nust then be considered for each of the remaining sites.
CGeneral |y speaking, all sites will have some operational disadvantages in
terms of either reduced coverage or performance degradation. Therefore, a
final choice is made on the basis of determning an optinmm conbination of
adequate coverage (i.e., mnimzed degradation), reliability of service (read-
ily accessible for mintenance and repair), and reasonable cost (including
acqui sition, construction and |ife-cycle nmaintenance). The purpose of this
chapter is to discuss, in detail, factors conprising each of the above four
categori es.

SECTION 2.  COVERAGE FACTORS AND FACI LI TY REQUI REMENTS

32.  GENERAL

a. Coverage Requirements. Specific coverage requirenments relative to
the enroute sectors being served are obtained fromthe regional Air Traffic
division. These requienments, which are the sane for ARSR and the ATCRBS, will
usual Iy be specified in ternms of:

(1) Navigational fixes within the enroute airspace,

(2) Air routes between fixes and expected variations,

(3) Handoff or transition points beyond outer fixes, and
(4) Aircraft type/ maneuvers/ground speed
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b, Additional Considerations. Ideally, the site selected should be
such that all specified fixes and-route corridors are operationally visible
to both the ARSR and ATCRRS. However, it should be pointed out that this
will not always be possible, in which event a satisfactory comprom se nust
be worked out with the ATD personnel. The inportant coverage factors and
facility requirements which nmust be considered in siting are discussed in
the follow ng paragraphs

33.  COVERAGE FACTCRS

a. Navigational Fixes. Navigational fixes are usually specified in
terms of the mninuminstrument nean sea level (msl) coverage altitude, and
t he geographi cal coordinates of their projected location on an area map.
These three-di mensional coordinates of fixes are usually identified by air
route intersections, VOR stations, inportant |andmarks, and handoff points
between term nal and enroute controllers. Foren route radar/beacon systens,
t hese fixes nust be |located withina 200nm radi usand within the radar line-
of -sight from the selected site

h. Ar Route Coverage, Radar coverage data includes the routes which
will be flown between the specified navigational fixes for all types of con-
trolled traffic. Coverage of the jet routes and airways beyond the outer
fixes shoul d be obtained so that the controllers will have maxi num opportunity
to identify aircraft prior to effecting hand-offs to or from other ARTICC's.

c. Mninmum Enroute Altitude (MEA). Radar and beacon coverage nust be
provided for altitudes at and above the mea established for each air route
within the required coverage area. |If ARSR siting conditions do not allow
coverage for altitudes at and above the published mea al ong sone portion of
aroute, it is possible that revision of the published mea will be required
Such situations should be closely coordinated with the Air Traffic division.

d.  Air-Route Variations.

(1) Causes. Variations in the air traffic routes within the various
enroute sectors can generally be expected to produce changes in the coverage
requirements and siting criteria for both the ARSRand beacon systems. New
tangential course conditions can develop along with further coverage problens
due to screening, cone-of-silence limts, lobing, false targets, etc. These
route variations can be brought about by any or all of the follow ng:

(a) Changes in weather conditions.

(b) An increase/decrease in traffic density.

(c) New airport construction.

(d) Changes in Federal Aviation Regulations/procedures

(e) Changing socio-legal requirenents (e.g., noise control
safety, home tv interference, etc.)
Chap 3
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(2) Consideration During Siting. The first item above generally
results in a day-to-day change in air traffic routes. These route variations
due to weather changes should be included in the coverage requirements speci-
fied by ATD prior to initial siting. The remaining itens above pertain to
relatively long-termor future changes in traffic patterns and can be some-
what wuncertain, or altogether unknown. However, wherever possible, attenpts
shoul d be made to identify plannedor knownchanges of this type and determ ne
their effects on future air route patterns. In this way, some potentially
troubl esone future problems can be taken into account duringtheinitialsiting
effort.

e. Aircraft Type. Them ninunradar target cross section of an aircraft
is avery significant factor in determning the maxi numrange capability of
the ARSR Ingeneral,the smaller the aircraft the smaller will be its radar
cross section, thereby 1imiting the ARSR detection range. Hence, for purposes
of siting,it isnecessary to know the smallest type of aircraft to be detected
in order to determine if the range between the candidate site |ocation and
each navigational fix is within the range capability of the ARSR Except for
unusual situations, this inplies that ARSR coverage shoul d be based upon de-
tection of small general aviation and training aircraft which may utilize the
controlled airspace. Frequently, a T-33 (2.2 m? cross section) is used for
coverage calcul ations.

f. Aircraft Mneuvers. Unusual aircraft maneuvers such as a steep
climb or sharp turn are unlikely in enroute airspace. However, if such a
maneuver does occur, it can cause a fadeout of the ATCRBS operation due to
shiel ding of the airborne transponder antenna by the vehicle airfrane. Hence,
as part of the coverage requirenments obtained from ATD, care shoul d be taken
to identify and |ocate where sharp turns can occur in the airspace of interest.
Fromthis information, airspace where such shielding could result in any long-
term ATCRBS fadeout can be identified

g. Arcraft Gound Speed. The nti circuits of the ARSR are based on
the Doppler effect produced by aircraft motion relativeto the ARSR site. To
determine this relative notion, the nominal ground speeds of aircraft over
each air route designatedin the enroute airspace should be obtained from ATD.

34, ATC FACILITY OPERATI ONAL REQUI REMENTS. Certain criteria to be used in
the selection of an ARSR/ATCRBS site will be dictated directly or indirectly
by other ATC facilities. These criteria and how they relate to particular
ATC facilities and/or operations are discussed bel ow.

a. Equiprment/Structure Cearance. It is desirable that a mni num sepa-
ration of 2000 feet be provided between the ARSR/ATCRBS antennas and any
above-ground structures or rf-generating equi pment that may cause reflections
or otherwise interfere with radar or beacon operation, as further described
in Par 40.g. Exceptions, of course, occur for equipnent necessarily co-sited
wi th the ARSR/ATCRBS, such as the RML equi pment, if required, and the height=~
finder radar, if the site is a JSS site. The relative location and relative
hei ght of the ARSR antenna and hei ght-finder antenna shoul d be chosen to
assure that neither equipnent will obstruct the other in its required coverage.
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Particul ar attention should be given to ARSR coverage of the required naviga-
tional fixes and mninmunen route altitudes. An additional requirenmentfor site
selection is that the site nust be not |ess than one-half mle from Wat her
Bureau radars and radi osonde equipnment. Violation of the latter criterion
requires a \Washington waiver

b. Oher Radar/Beacon Facilities.

(1) Overlapping Coverage. Otheren route or termnal radar systems
operating within a vicinity of 200 mles may provide partial coverage of the
enroute airspace to be served by the new ARSR/ beacon system being sited. The
resulting overlap in coverage is useful in establishing handoff or transition
zones between ot her enroute and/or termnal traffic controllers.

(2) Radar Frequency Assignnent. The proximty of existing or planned
radar installations in the ARSR frequency band nust be taken into consideration
(reference 15). Oficial procedures require that the frequencies for all ATC
radars be assigned by Regional FAA Frequency Managenent personnel. They should
be consulted early in the site selection process so that factors affecting
el ectromagnetic conpatibility can be weighed in the selection

(3) Beacon Interrogation Rate. O special concern when adding a
beaconi nterrogator inan enroute area is thepossible increase in interrogation
rate that aircraft operating in the termnal airspace can be expected to ex-
perience. If this effect is severe,overinterrogation canresult, saturating
ai rborne transponders to the extent that they cannot reliably reply to any
interrogator. Areas where such beacon interference is excessive (i.e., over
1000 interrogations per second) are conmonly referred to as hot spots. The
DOT Transportation System Center (TSC) and the DCOD El ectromagnetic Compati bil -
ity Analysis Center (ECAC) have each devel oped digital conputer techniques
whi ch are capabl e of assessing the inpact of adding a beacon interrogator in
any location inthe continentalunited States. Before siting of an ARSR/ ATCRBS,
in regions where hot spot problens are suspected, it is advisable that a
conput eranal ysis of the increasedinterrogation rate resultingfromnstallation
of a new beacon interrogator in the area be carried out. Arrangenents for
conputer services bg ECAC or TSC nust be made by witten request to the FAA
Communi cations and Surveillance Division, APN13gD, Washington, D.C. Pulse
repetition frequency (prf) assignnents for ATCRBS interrogatorsare coordinated
by the FAA Systens Engineering Service, Spectrum Engineering Division
Assignnents nust take into consideration the overlapping coverage of the ATCRBS
to avoid synchronous interference

SECTION 3.  ARSR/ATCRBS COVERAGE CAPABI LI Tl ES

35. I NTRODUCTION. Basic coverage capabilities of the ARSR and ATCRBS equi p-
ment were briefly illustrated in chapter 2. These capabilities are described
and illustrated nore fully in the follow ng paragraphs. It should be noted
however, that all radar and beacon coverage capabilities presented in this
section are determ ned here for conditions which do not include the nodifying
effects of such phenomena as screening, vertical |obing, ground clutter, false
targets, etc. The lattereffects, whichusually degradecoverage, are considered
Chap 3
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in section 4 of this chapter. Al of these effects should receive consider-
ation when assessing ARSR/ATCRBS coverage capabilities froma particular site
| ocation

36. ARSR COVERAGE

a. Coverage capability for ARSR system has been determned utilizing
the nethodol ogy presented in reference 5. The maxi mumrange, R at which a
target can be detected is given in nautical mles by the expression

P, 16,60 1/4
R = 1292\ err—g7myet (3-1)
s B
where P, = peak power transmtted (in kW)

T = pulse duration (in us)

G, = transmtting antenna gain in the target direction
G = receiving antenna gain in the target direction
o = target radar cross section (in square neters)
f = radar frequency (in Miz)
T, = system noi se tenperature in °K)
s/n = signal-to-noise power ratio
Cg ~ bandw dth correction factor
L = system loss factor

Pe, Ty Gps Gp, and f are determned directly fromtable 2-1 and the system
antenna patterns. Comoutations performed here for the ARSR-3 use antenna
pattern data shown in figures 2-2 and 2-3.

b. Systeminput noise tenperature, Tg, takes into account noise from
the antenna, fromthe receiving transmssion line, and fromthe receiver (the
effect of receiver noise figure), and also the effect of the |oss factor of
the receiving transmssion line. Since the transmssion [ine |osses and the
noise figures are different for the upper beam and | ower beam receivers,
their values of Tg differ slightly, The values used here for the ARSR-3 are
627 degrees for the upper beam and 727 degrees for the | ower beam as given
in reference 6.

c. The -signal-to-noise (S/n) ratio is the required single-pulse s/n
for acceptable target detectability considering the nunber of radar pul ses
per beamwidth (hits/scan), the fading characteristics of the target, and the
false alarm probability. For the ARSR-3 operating in the frequency diplex
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mode (two channels with frequencies greater than 25 MHz apart), the signa
fading follows the Swerling detection nodel for case Il target fluctuation
For this case, and with a 0.8 probability of detection, 10-6 false alarm
probability, and 25 hits/scan, the required s/nis 5.2 dB.

d.  The bandwidth correction factor, Cg, represents any signal |oss due
to a non-optinumrecel ver passband characteristic relative to the transmtted
pulse. It is assumed that no m smatch occurs, so that CB = 1 (reference 10).

e. Systemloss factor, L, accounts for antenna pattern beanshape | o0ss,
transmtter transmssion line loss, and the atnospheric absorption |oss. The
at nospheric absorption |oss depends on target elevation angle and range. For
the ARSR-3 frequency of 1250 to 1350 MHz, the absorption loss can vary froma
negligible value at short range and high angle up to 2 dB at |ong range and
| ow angle. The other |loss factors are assuned to total 3 dB, for the ARSR-3

f. The radar cross section, o, used in conputation was selectedto cover
virtually all targets of interest to siting engineers. Values usedarel abel ed
in dB on theplotted results, to correspondw ththoseindicated in table 3-1

g. Conputed radar coverage for the ARSR-3 is shown in figures 3-1 and
3-2.  The diagrams shown assume |inear polarization and an antenna tilt angle
(-3 dB point on bottom side of |ower bean) of 0 degrees. These coverage plots
include the effect of atmospheric absorption, but not the effects of terrain
for exanple, screening and vertical lobing). Wth circular polarization the
maxi num detection range will be approximately 75 percent of the maximum range
with linear polarization. This results froman approximte 5 dB reduction in
targetcross sectionfor circularpolarization (reference 2). Site-related fac-
tors causing degraded radar performance are discussed in section 4.

37. ATCBI COVERAGE

a. Limting Factor. O the two links in ATCBI operation, the interro-
gation link and the reply link, the interrogation link is generally the factor
which limts beacon system maxi numrange. This neans that if the interroga-
tion is successful, successful reply may be expected. [|f the maximum inter-
rogator output power is transmtted, the range of the interrogation link, and
therefore of the ATCBI system far exceeds the maxi muminstrumented range of
the ARSR-3 (200 nm) and can lead to interrogation of aircraft far outside

the desired coverage region, resulting in extraneous second-tine-around echoes.

In order to prevent such undesired interrogation and limitthe errors and
equi pnrent saturation which could result, the interrogator transmtter power
I's correspondingly reduced.

h. Mximum Interrogati on Range. The maxi numrange for successfu
Interrogation of the transponder is given by:

§

Af : Pi G Tt
R = 4m(1852) /S ) L L (3-2)
min,t t O
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Table 3-1

TYPI CAL Al RCRAFT AVERAGE CROSS SECTI ON
(Linear Polarization)

6S °8eg

Radar Cross Section Radar Cross Section
dB, rel dB, rel
Aircraft Type Sq. neters to 2.2 m? Aircraft Type I . neters to 2.2 m?
RS 21.9 10 Comercial (Cont.) ’ 106
c-47 11 1 e '
c-54 27 5 1 Convair 440 25 10.5
c-97 69. 3 15 Convair 880 15.8 8.5
c-121 219 10 Convair 990 20 9.6
c- 135 138 8 Lockheed 1049G 79 15.5
F. 84 5 9 0 Lockheed Electra 50 13.5
F- 86 28 1 Martin 202 20 9.6
F-100 3.5 2 bC-9 10 6.5
F- 104 2.8 1
F- 106 4.4 3
F-4 2.8 1
T-33 2.2 0
Conmer ci al General Aviation
DC-3 12.6 7.5 Aero Cmdr (twin engiae) 3.2 1.6
DC- 4 31.6 11.5 Beech Baron D-55 2 -0.4
DC- 6A 50 13.5 Beech Bonanza .8 -4.4
DG 7 63 14.5 Lear Jet 2 -0.4
DC-8 25 10. 6 Lockheed 1329 Jetsta 4.0 2.6
F-27, F-27A, F-27B, F27J 16 8.5 Cessna 336 Skymaster 1.3 -2.4
Boei ng707 (300Seri es) 20 9.6 Aero Jet Commander 2.5 0.6
Boeing 720 16 8.5 Sabrel i ner 3.2 1.6
Boeing 727 (all) l, 16 8.5 G umman Goose 4.0 2.6
Boeing 737 (100 & 200f] 10 6.5 Gumman Qul fstream 6.3 4.5
Boei ng 747 63 14.5
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wher e

R = maxi numinterrogation range in nautical mles

Poi = ATCBI output peak power (at antenna input) in watts
) = transponder mninmmsensitivity in watts
min,t

G, = interrogator antenna gain in direction of target
G, = transponder antenna gain in direction of radar site
Lt = transponder |osses (cables and connectors, = 5.5 dB)
Ajo= interrogation wavelength (a.291 meters)
L, = at nospheri c absorption | 0SS.

c. Paraneter Values. For purooses of calculation it is assuned thac:

_ (1) G; varies substantially as shown in figure 2-12 for the ATCBI-5,
W th a maxi mumantenna gaia of + 31 iBir (1259 x isotropic gain).

(3) G, = L.
(3) Smin,t = -69 dBm (1.26 X 10710 watts). This corresponds to a
low sensitivity transponder and provides a conservative conputed result

d. Conputed Beacon Coverage. Maximum ATCBI range is plotted in figure
3-3 with Poi as a paraneter. The coverage determ ned here includes the effect
of atmospheric absorption loss (1 dB maximum), but does not include terrain
effects such as screening or vertical lobing. These effects nust be included
however, when establishing a radar site; procedures for doing so are discussed
in the follow ng section

SECTI ON 4.  OPERATIONAL LI M TATI ONS

33. INTRODUCTION. In any installation, the free-space theoretical radar and
beacon coverage is affected, usually adversely, by the operational environnent
The local terrain features can produce radar screening, vertical lobing, zround
clutter, and false targets, In addition, coverage may be degraded generally
by the effects of precipitaticn and interference, and in specific areas due to
tangential courses. Each of these effects is inportant and nust be careful ly
considered at the time of siting. These effects and their sources are dis-

cussed in the follow ng paragraphs
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ATCB I-S RANGE COVERAGE CAPABILITY

FIGURE 3-3
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39. DEGRADED PERFORMANCE EFFECTS.

a. Screening.

(1) Within the range and scan limits of the radar/beacon system
there exists regions of ground terrain.and navigable airspace which are not
illuminated by the radar or beacon system. Those regions are created by
the screening or shadow effects of ground terrain features and/or any of
a variety of man-made structures about the ARSR/ATCRBS site. For purposes
of ARSR/ATCRBS siting, two types of screening are of interest. One concerns
the screening of portions of the navigable air-space where aircraft may be
present but remain undetected. The other involves the deliberate use of
screening to shield ground, terrain, structures, roads, etc., from the ARSR/-
beacon i#llumination. The latter is very important as a technique for reducing,
if not eliminating, many of the operational shortcomings, (i.e., clutter,
lobing, false targets, etc.) of the ARSR ATCRBS produced by reflections from
ground terrain, buildings, etc.

(2) The effects produced by screening are determined from geometric
considerations only. When the earth is smooth, the curvature of the earth
causes the area beyond the norizon to de invisible to the radar beam. as
shown in figure 3-4. If therz are aills, mountains, cr man-made objects
in the radar path above the horiznon, che :creznedareai s increased and the
radar visibility is reduced, as shown in figure 3-5. On the earth"s surface
the three principal parameters for determining screen effects are the msi
height of the antenna, the msl height of the screen object, and the distance
between the antenna and screening object. Frequently, these parameters are
combined to determine a screening angle that is used extensively in assassing
line-of-sight (1los) coverage.

(a) Radar Line-of-Sight.

1 The signal path from the radar antenna to the upper
limit of a screening object, whether it be a hill, a structure, or the horizon,
is calied the radar los. Over the earth"s surface, this los path is curved,
usually downward, as shown in figure 3-6, due to refraction by the earth's
atmosphere. This curved signal path can be considered a straight line, shown
in figure 3-7, by replacing the actual radius of the earth, a, by an equivalent
earth of radius ka. whare k = 4/3 for a standard earth atmosphere. Any change
in atmospheric conditions which results in a change in the standard curvature
of the radar oath can be accounted for by a chang2 in the value of k.

2 The radar 1os establishes the maximum thzoretica’
range obtainable at-a given altitude and is used to determine the airspace
coverage about the radar/beacon site. This range or cutoff is generaliy
measured along the radar los to the intersection with the altitude curve
of interest shown in figure 3-5. However, for assessing 10S coverage about
the site location, the projection of this range onto the surface of the
earth is preferred. This range projection is indicated in figure 3-5, as
tne altitude cutoff distance.
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Figure 3-4 CURVED EARTH SCREENING
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Figure 3-5 OBSTACLE SCREENING
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Figure 3-6 BENDING OF ANTENNA BEAM BECAUSE
OF REFRACTION (TRUE EARTH RADIUS, a)

Earth Radius, a

Figure 3-7 SHAPE OF ANTENNA BEAM IN EQUIVALENT-
EARTH REPRESENTATION (RADIUS = 4/3 a )

ka = 4/3 Eart h Radius
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(b) Screening Angle. The amount of screening associated with
radar/beacon site can be expressed in terms of the screening angle (0_).
This is the angle formed by the radar 1o0s and the horizontal referencg line
at the radar antenna as shown in figures 3-4 and 3-5. The angle may be
positive or negative depending on the elevation of the antenna site and
the range and elevation of the screening object. If the los is above the
local horizontal at the radar, then the screening angle is positive.

(c) Curved Earth Screening.

1 As illustrated in figure 3-4, the curvature of the earth
causes screening of the airspace beyond the horizon. The range to the sea
horizon for a given antenna height is given by the relationship

d = 1.0634 /EF; (3-3)
where
d = distance in nautical miles to the sea horizon
h, = antenna height -in feet (ms1)
k = equivalent earth radius facter.

2 Comparing the optical lcs distance, ds /s (for which k = 7/6
to account for-optical refraction), and the radar los d4stance, d4/3 (where
k = 4/3 for standard atmosphere), we see that:

dy/3 = 1.07 dy ¢ (3-4)

3 Hence, because of the bending of the radio waves, the visible
radar horizon is extended 7 percent beyond the optical sea horizon. For
other values of k, this radar los distance will be proportionally larger
or smaller. Figure 3-8 provides a graphical means for determing radar range,
d, to the sea horizon as a function of antenna height for several values
of k. In this plot, the antenna height is the elevation of the antenna
relative to the msl. For a smooth earth where the ground terrain is above
sea level, these curves can be used to determine range to the horizon by
referring them to the effective antenna height, that is, the height above
the elevation of the earth terrain.

(d) Obstacle Screening.

1 The effect of raising the radar los, and thereby increasing
the screeing angle, is to reduce the maximum range at which aircraft at
a given altitude are visible. This effect is illustrated in figure 3-9.
In the figure, the antenna height is at sea level and the maximum range
at which the 15,000-foot altitude level is visible for a O-degree screen
angle is 150 nmi. If the radar los is changed to produce a screening angle
of +1 degree, the limit for 15,000-foot altitude is reduced to 90 nmi --
a reduction in range of 60 nmi, or 40 percent.
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2 For the type of obstacle screening depicted in figure 3-5,
the los boundary between the illuminated and screened airspace is defined by
the following equations (these equations are also the basis for figure 3-9).

tan 6= s ~ Pa - 9 (3-5)
6080 dg 6874 k

which for small angles (i.e., 84 z 10°) can be written approximately as:

Qs = hg - Ba
106 dg 120 k (3-6)

where

©_ = screening angle in degrees above the local horizontal
at the radar

hg = msl elevation of the screening object, or any other
desired point, in feet

ha = msl elevation of the antenna phase center in feet

dg = ground distance in nautical miles between antenna and
screening object

k = equivalent earth radius factor.

3 By inspection, this equation shows that the value of the
screen angle, ©5, depends on the equivalent earth radius factor, k, for a
given antenna height, and screening object distance and height. 1If the value
k = 7/6 is used, the angle obtained represents the screen angle established
by the optical los to the screening object. If k = 4/3, the value obtained
corresponds to the screen angle established by the radar los to the object.
Since screening angles are measured optically during site surveys, it is of
interest to compare these two angles. If equation 3~-6 (above) is solved
using k = 7/6, the optical screen angle, @o¢ is given by:

@ = hg ~hy dg
o - -
® 106 a; 140 (3=7)
and if k = 4/3, the equivalent radar screen angle, 8.4, is:
&g =Ps “ha ds (3-8)

106 dg 160

which can be written as:
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d
S
erS - eos + 1120 (3-9)
4 Fromthisrelationship (which is plotted in figure 3-10) it

is seen that the radar screen angle is always more POSITIVE (i.e., higher)than
the corresponding optical screen angle, This should not be interpreted, how
ever, to mean that because of this increase in radar los angle the airspace
screened from the radar is increased. The airspace screened by the optica
los is measured relative to the curved surface of an equivalent 7/6 earth
radi us, whereas the airspace screened by the radar los is measured relative
to the curved surface of an equivalent 4/3 earth radius, Because of this dif-
ference in the two curvatures, the screened airspace beneath the radar los is

actually less thhn the optically screened area.

5 One consequence of this reduced radar screening region is
that it is sometimes possible to get radar returns from objects beyond the
screening obstacles that are not visible optically. Aso, it is possible for
the radar to detect aircraft at altitudes that are bel ow the optical los.

This difference in altitude coverage is attributable to the bending of the
radar signals through the earth's atnosphere which is accounted for in terms
of the equivalent earth radius factor k. Mthemtically, this difference in
altitude coverage can be expressed by the relationship:

0.758 d (d—ds)(k—7/6)

h - h = - (3-10)

wher e

h = altitude or object height in feet along the optical los
h_ = altitude or object height in feet along the radar los
d_ = ground range to screening object in nautical niles

d = ground range to altitude cut-off in nautical mles,
as shown in figure 3-5 (4 > ds.)

6 As an exanple, if the distance, dg, to thescreen object
is assumed to be 10 nmi, then the difference between®the optical and radar
altitudes visible at a cutoff range d - 50 nm is

h -h = 12191%21191 feet (3-11)
[o] r
which for k = 4/31is
h -h_ = 189.5 feet.
[o] r
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7 This shows that at a range of 50 nmi the altitude
coverage for the radar is 189.5 feet below that which is opticaly visible.
Hence, if the minimum altitude that is optically visible at 50 nmi is 5000
feet, then the radar can see objects down to (5000-189.5) or 4810.5 feet.
Figure 3-11 shows plots of this altitude coverage difference for various
screen object distances. As can be seen in these plots, the difference
in altitude visibility can be quite substantial, for example, several thousand
feet. The difference is more pronounced when the screen objects are close
to the radar site. For distant screen objects, the effect is still present;
however, not as great.

(e) Shielding

1 Terrain, fixed structures, and surface traffic within
visual range of the-ARSR/beacon antenna system reflect radar energy which
cn degrade performance of the ARSR/beacon system. Such reflections can
produce lobing of ARSR and ATCBI radiation patterns, severe ARSR ground
clutter, and false-target displays for both the ARSR (due to moving traffic)
and beacon. It is desirable, therefore, to minimize the extent of the ground
surface and obstacles surrounding the site which are directly exposed to
illumination by the ARSR and beacon. A site surrounded by close-in screening
objects, or terrain, where these obstacles cast shadows on the ground surface
and objects beyond them, is highly desirable for these purposes. When these
screening or shielding objects are relatively close to the site (within
2 nmi), the screening angle can generally be controlled by choice of the
effective antenna height (37, 49%, 62, 74%, or 87 feet). This is important
since too great a screening angle can result in a significant loss in airspace
coverage. For example, each one-tenth of a degree increase in screening
above the horizon sacrifices about 600 feet of vertical coverage at a distance
of 60 nmi.

2 Shielding up to 0.25 degree screening angle above
the local horizontal may, in certain cases, be considered worth the sacrifice
in coverage to reduce ground reflections. |If a screen angle of 0.25 degrees
is selected, the range reduciton at an altitude of 15,000 feet is 20 nmi
as shown in figure 3-9. However, whatever the value actually selected,
due consideration should be given to the resulting loss in airspace coverage
with respect to the operational coverage requirements.

3 The use of obstructions close to the antenna for shielding,
although not affecting low angle coverage, may still create problems due to
diffraction. Special attention should be given to this effect when selecting
sites with obstructions (towers, fences, buildings, etc.) closer than 2500
feet. The effects of diffraction are more pronounced from obstructions
and/or shielding objects close to the antenna.
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Fig. 3-11 DIFFERENCE BETWEEN OPTICAL AND RADAR SCREENING
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b. Vertical Lobing.

(1) Ground reflection occurs when the bean radiated from the antennastrikes
the surface of the earth and bounces upward. The vertical coverage of a radar can
vary greatly due to ground reflections since the reflected wave may arrive atthetarget
on a phase relationship which will either aid or oppose the direct wave. This effect
causes a decrease in the overall amount of power strikingthetarget at certain altitudes
and anincreaseinthe amount of power striking the target at other altitudes. The
algebraic addition of the reflected wave and the direct wave phasors creates a vertical
radar coverage pattern consisting of areas of minimum power,called nulls, and maximum
power, called lobes, as shown in figure 3-12.

(2) Groundreflectionis a variablefactor,depending mainlyonthetype of
terrain. Reflection is greatest when the reflecting surface is smooth,such as a calm
sea. Whenthereflectingsurfaceis uneven,such as encountered on land or a choppy
sea, reflection is decreased. Uneven land areas, trees, grass, or a choopysea may
absorb a large portion of the radiated energy or cause a scattering of the energy,thus
reducing the amount of reflected energy adding to or subtracting from the direct wave.

(3) The verticallobing pattern resulting from ground reflections is dependent
upon radar design characteristics and upon several other factors determined at the
time of site selection. Important equipment characteristics include the radar and the
beacon frequency, and the vertical patterns oftheradar and the beacon antennas.
The ARSR-3 and ATCBI antennas have sharp cutoff ofradiation at angles below the
horizontal in order to minimize ground-reflected energy, and therefore minimize the
depth of vertical lobing nulls. This radiation cutoffisincluded in the calculated radar
coverage patterns shown later (figures 3-31 and 3-32). Another effectnotincluded
in figures 3-31 and 3-32, nor in the discussions of lobing, is the possible phase variation
of the antennaradiationinthe sharp cutoff region below the horizontal. This phase
characteristic of an antenna is generally not known, but it could not only shift the
lobing pattern which would otherwise be expected,butitcould also change the angular
spacing between labs, even causing a more non uniform lobe setting. Because of this
effect,the procedures given here for estmatingthelocations of lobes and nulls should
be considered approximate. The procedures can, however,be expected to give reasonably
accurate predictions, atleastforthe first few lobes and nulls.

(4) Important siting factors which affect verticallobinginclude: antenna
height above the reflecting surface, antenna tilt angle, and surface reflection characteris-
tics. Careful consideration should be given to these factors so as to minimize the occurrence
oflobing, and to control the location of unavoidable lobes suchthatoverllradar and
beacon performance is not impaired. Means for considering these factors are discussed below.

(a) Lobing Analysis.(A more detailed treatment may befoundin reference 7.)

1 Consider an antenna mounted at height, h_, above a smooth
flat reflecting surface, and a target at range R, and altitude h., as shown in figure
3-13. Energy radiated by the radar antenna arrives atthetagbetbytwo separate paths
--the direct path and the path reflected from the smooth surface. Modification of
the field strength atthetargetcaused by the presence of the ground may be expressed
by the ratio (sometimes called earth gain factor):
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Figure 3-13 VERTICAL LOBING PATH GEOMETRY
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Field strength at target
in _presence of ground
Field strength at target
if in free space

(3-12)

2 The phase difference between direct and reflected signals
corresponding to the difference in path length is

2h h
2r " a t
%= X "R (3-13)

3 This is based on assuming (1) h >>h_, (2) 8 =1,
(3) © & ¥ are small angles. Under these condition;

sinyy = tany = P
ht‘
w = e = -R—

4 To ¢4 nust be added the phase shift resulting fromthe
reflection of the wave at the ground. The reflection coefficient, T, of the
ground may be witten as

r = o e3¢, (3-14)

where p represents the anplitude change, and ¢_ represents the phase change
upon reflection. Determination of T, which ma¥y entail somedifficulty, is
dependent upon signal polarization and terrain characteristics. This is

di scussed in a subsequent subparagraph. For purposes of this analysis, a
conservative result is obtained by assuning p =1, ¢_=1T. This gives

417 ha h.':
é = ¢ + ¢ S+ . (3-15)

5 The resultant, E_, of two signals with field strength
anpl i tudes E, and E, and phase di f r&rence dis

- 2 1/2 i
E, = (E1 +Ey + 2 EE, cos ¢) : (3-16)

6 Therefore, the ratio of signal incident on the target to
that which would be incident if the target were located in free space is

1/2
Er Eg EZ 4 haht
n = i = 1+-—2-+2?COS __)\—i—""n’ (3-17)
1 E 1
1
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whi ch reduces to

E% EZ 4w haht ok
n = 1+ — -2 — cos |——— (3-18)
. 2 E AR
El 1

7 The field strength ratio is related to the antenna gain

ratio by EZ/E1 p YG,/Gy, which for p = |

_2_2. = _(g._z. (3-19)
1 1
wher e
G, = nunerical antenna power gain in direction of target
G, = nunerical antenna power gain in direction of reflection point.
Hence
n = |1+ G—z- -2 /-—G—'?; cos (m)] e (3-20)
G1 G1 AR J

and, since under the assunptions made previously

B (3-21)
8 = =y

G2 G2 4 hae 1/2
no= |lL+g=-2 G- cos X . (3-22)
1 1

8  Mninmum val ues of n occur when

am haemin
Ccos ‘——-x——‘- = |

4T h 6 .
+mln = nmw n=0, 2, 4, ... (3'23)

or when
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9 Rearranging for use with comon units and noting that
A=c/f, n occurs when
min
Oin = Shog(deg) =0 2 4 (3-24)

wher e
ha = antenna height in feet

f = frequency in MHz.

10  Under this condition

k G2 G2 1/2
Npin = 1+ -G—l- -2 'CT]:' . (3-25)

Bmin IS plotted in figures 3-14 and 3-15 for ARSR and ATCBI frequencies and
Mmin IS plotted in figure 3-16 as a function of G,/G,.

11 In a simlar manner, maxinum values of n occur when

14098n
en1a > ————(deg) n=1 3, 5 (3-26)
where
ha = antenna height in feet

f = frequency in MHz.

12 At these angles
c, G, 1/2
T]max = 1+ . + 2 G— (3-27)
1 1
ewax and Noax &€ plotted in figures 3-17, 3-18 and 3-19.

13 Squaring equation 3-12 (p. 77) shows that n? represents the
Therefore,

rat|0 of POWER at the target with and without ground reflection.
n? may also be used to deternine the effect on range coverage when the trans-

mtted power is held constant.
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Figure 3- 15 NULL ANGLES AT 1030 MHz
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14 ATCBI Case. For beacon operation, the mininum detectable
transponder input i s reached at a free-space range (terns defined as in equa-
tion 3-2, p. 57).

A, P G,T

_ 1 oi i t
Re = Zm(1852) L L (3-28)
mln tto
Wth ground reflections this range becomnes R wher e
R. = nR_, . (3-29)

Range coverage with reflections is thus sinply n tines the free-space range.

15  ARSR Case. For ARSR operation, a two-way radar path is
involved, and by reciprocity, the same type of reflection effect occurs for
both the transmitted signal and the echo signal. In this case, therefore, the
ratio of radar return power with grcund reflection to return power in free
space is nt le» Where the subscripts t and e refer to the transmt and the
echo paths, respectrvely For ARSR-3 operatron if the antenna both transnits
and receives on the lower beam then nZ = nZ = n*, and the return power ratio
isn*. Under this condition, the nodification in coverage range for detection
at the same power level is

4 _ 4 b4
Rr = NR;
or Rr = n Rf (3-30)

where the free-space range, Rf, for the ARSR-3 can be deternmined fromfigure
3-1 for one particular beamtilt angle.

16 For near-range operatron the ARSR-3 may use the upper beam
for reception.-In this situation ng # n due to the different antenna patterns
(transmt on |ower beam receive on upper beanm). The range nodification for
this case is

M, (3-31)

17 To summarize, the effects of vertical |obingmy beexan ned
by determining the angles of nulls and | obes fromfigures 3-14 and 3-15, or
3-17 and 3-18 for the particular radar antenna height and frequency. It should
be noted that radar height here means height of the particular antenna above
the smooth reflecting surface. This may differ considerably fromthe height
above ground as illustrated in figure 3-20. As mentioned above, the analysis
given here assumes a flat earth. While this assunption generally produces
little error inen route ARSR/ATCBI siting, a nore accurate curved earth anai-
ysis should be used for values of h above 100 feet. For this case, nul
angl es may be determined using techiiques described in reference 7.
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18 The first null (n = 2) IS the one which will cause the
greatest trouble with the second and third nulls being |lesser in inportance,
for air route and fix coverage where aircraft are flying at a relatively con-
stant altitude. The null angle can be critical when it approaches the glide
slope angle of aircraft arriving at airports for termnal radar, but higher
order nulls may also be detrimental to air traffic coverage. H gher order
nulls can also affect high-altitude fix coverage. The plotted | obe null and
maxi mum angl es indicate that the ATCBI will experience fewer |obes below a
given altitude than will an ARSR system

19 Once the el eoation anglesof the |obe peaks avianuils are
determned (with respect to horizontal), the corresponding earth gain factors,
n, can be found. To do this the antenna power gains G; and & at angles +
émin and/or + 8., are found. These nmay be determined fromthe appropriace
antenna el evation pattern diagrans given in chapter 2. It should be noted
however, that the gain determnations nust account for antenna tilt angle as
this can alter conputational results. The angular relationship is illustrated
infigure 3-21. In like manner, any slope of the reflecting surface nust be

taken into account for proper determnation of 6,5, end &, .

20 With G, and G, detarmine, Din and Ny SFF founa airectly
fromfigures 3-16 and 3-19. For ATCR systens, the range coverage at each
critical null or maximumangle is then fcund by direct multiplication of free-
space range, as determned for the plots in section 3, by the corresponding
value of n. For the ARSR-3 this is slightly nmore difficult since use of beth
antenna patterns will produce two values of ng ;, and ng,, for each critica
angle. The approximte range multiplier in this case Ie-the square root of

the product of the npax's or ny,'s-

21 The gevelopment Shows that the values orthe null angles
are dependent only upon antenna height for a given radar or beacon. This is
denonstrated by the curves in figures 3-14 and 3-15. The depth of null, how
ever, 1s dependent upon antenna tilt angle as shown in figures 3-22 through
3-30. This is illustrated by the partial radar coverage diagranms sketched in
figures 3-31 and 3-32.

22 wshould be remenbered that the devel opnent given nere
al so assunes a snooth reflecting surface which provides no attenuation and
1800 signal phase shift, and assunes snall angles and di stant targets such
that & = v in figure 3-i3. The latter assunption provides little error when
h, < 100 feet; the effects of the other assunptions are discussed in the
fol l owi ng subparagraphs.

(b) Terrai n Roughness Effects.

1 Vertical lobing effects, as mentioned above, are guite
dependent upon the terrain surface. Reflection is greatestwhen therefiecting
surface is snooth, and is decreased when the reflecting surface i s uneven
Uneven | and areas, trees, grass, rough sea, etc., may, in fact, absorb or
scatter a large portion of the incident energy, thus virtually nullifying any
effect of reflected signals upon the direct wave. ©On the other hand, |arge
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FI GURE 3-21 ANGULAR RELATI ONSHI PS FOR
NULL DEPTH DETERM NATI ON

Representative Antenna .
Pattern

Horizontal

a = Antenna Tilt Angle (to nose of beam)

Q. = Antenna Elevation Angle (below nose of beam)
' of Target

0. = Antenna Elevation Angle (below nose of beam)
2 of Reflection Point
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Figure 3-23 TILT ANGLE EFFECT ON ATCBI-5 NULL
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Figure 3-25 TILT ANGLE EFFECT ON ARSR-3 (LOWER BEAM) NULL

FIRST NULL

21.69
ha

Elevation Angle 8Omin = (Degq.)

ha = Antenna Heighf ( Feet )

.8 / ha = 30 ft.
1 ha = S50 ft.
c
E €7 ho = 70 1
p
. ha = 90fs.
4 -
2=
0 -

Referenced To Lower 3dB Point Of Lower Beam

TILT ANGLE (Degrees )

£8/1¢€/S

c1°0%e9



9¢ 23eg

€1 0%e9

Figure 3-26 TILT ANGLE EFFECT ON ARSR-3 ( LOWER BEAM ) NULL
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smooth areas such as .a calmsea, a flooded field, or a relatively flat snow-
covered area, can cause a relatively large reflected signal. |nsoneinstances
the terrain can undergo seasonal variations which change the nature of the
surface fromrough to snooth. These changes can be due to snow, as nentioned
or due to natural vegetation changes, or due to agricultural activity. At any
prospective radar site the extremes of reflection characteristics should be
considered in assessing the terrain effects on vertical |obing.

2 As acriterion for the occurrence O |obing etfects it is

conveni ent to assume a surface to be snooth(and consequent!ya good reflector)

if the height of surface irregularities, Ah, at the reflection point produces

a net signal phase difference of |ess than 45 degrees, or one-eighth wavel ength,
between the waves reflected fromthe peaks and fromthe troughs of the irregular
surface. This condition is satisfied when the terrain peak-to-trough height
difference Ah is less than a critical height difference-Ah,, where Ah, i

related to the grazing angle, ¥, as foll ows:

2Ahc sin ¢y = X8 . (3-32)

3 For ah 7 phg the surface may be considered rough with no
appreciable lobing etfects. The parameter Ah, can be conveniently deternined
fromfigure 3-33. It should be noted that as radar antenna hei ght increases, -
the angle, 6, of the first null, and therefore the grazing angle, ¥, decreases
(6 = ). Since, fromfigure 3-33 critical height increases wth decreasing
grazing angle, rougher terrain will be required to break up reflections using
hi gh antenna towers than is the case for low towers. This can be seen from
the following condition for a rough surface, derived from the relationships
gi ven above:

A/8
Ab > ZS/mw . (3-33)

(c) Location of Reflection Point.

1 The distance, d4,, fromthe radar to the reflection point

for each null in the vertical | obing pattern may be determined fromthe ex-
pression
4w’
d, =—07 , (3-34)

where h, is the antenna hei ght above the reflecting surface and n depends on
the nulf number, for exanple n = 2 corresponds to the first null, n = 4 corre-
sponds to the second null, and n = 6 corresponds to the third null

, _ 2 This |ocation is determ ned fromsinple. i
is only r|gorouslrd8brrect for perfectly smooth reflectors.” Ther

the reflected field at a given point in space is the sumof radiation from
currents induced over a large surface region illumnated by the energy source.

%P theonf but
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Fig. 3 -33 SURFACE ROUGHNESS CRITERION

N
\\\ x“l / Be
Ah \P
10 \\\\\\\ —~"-\~——’_"4:t:S;::;§;s;:::::::: un
—_ \\ N x
; N\ 2Ahc Sln\i/ = —8‘
o N .
< AV
~ N
Py SN Rough Surfaces:
< \\ Ah > Ahe
o N 1
= Ahe For—\%-anc For
S f=2 1300 MHz \ f =1030 MHz
3 | l i [T T
o 1 —t—+— -+
2 AN
- N
3 X
8 \\ h
a ) \\
s AN N
= Smooth Surfaces: \\
Ah< Ah
o c
0.l AN N
T A
©
(8]
= -
S
0.01
0.l | 10 100
Grazing Angle ,{/ , (Degrees )
Chap 3

Page 104 Par 39



5/31/83 6340. 15

Vertical lobing, nevertheless, wll occur approximtely as presented above
for inperfect reflectors, if the surface is relatively smoth (as defined in
t he previous subparagraph) over the first Fresnel diffraction zone. The range
limts, dg, of this region are given by

1 1 V1i+n 8h§
& T |mt I (8-39)
For the first null n =2, and
0.536 hi
— (near point)
de 2 (3-36)
7.464 ha .
— (far point)

Simlarly, the distances for the second null are given by 0.382 h /A and
2.62 hz/x for t he near and far points respectively, and, for the Ehird nul
by 0. 301 n2 /X and 1.48 h2i/X. These distances are plotted in figures 3-34
t hrough 3- §9 for the first three nulls at ARSR-3 and ATCBI frequencies.

3 The use-of high towers affects |obing and coverage in sev-
eral ways. First, as shown in figures 3-31 and 3-32, increasing the antenna
hei ght, h,, can p033|bly cause the formation of more, but thinner, |obes and
null's conpared with the |obe structure for [ower antenna heights. \Wich con-
dition is preferable-- fewer, wder |obes, or more but thinner |obes--will
depend on the radar coverage required, including specific fixes at given
altitudes. Higher values of h,, of course, also provides sonmewhat |onger
range coverage at low altitudes. As a second consi deration, larger values of
h, result in smaller values of grazing angle, ¥, at the ground reflection
point corresponding to a given null. And, fromfigure 3-33, smaller values
of ¢ have larger values for the critical height of surface irregularities,
and therefore require rougher terrain if reflections are to be broken up. A
third effect of increasing tower height is that higher towers extend to a
greater distance the required area of the Fresnel zones which nmust be consid-
ered in determning reflection characteristics.

4 As an exanple, consider a case where the surroundingterrain
is relatively uniform with surface irregularities averaging 4 feet. Figure 3-33
indicates that at 1300 MHz this woul d be considered relatively snooth terrain
for grazing angles of 0.65 degree or less and rough terrain for higher angles.
Reference to figure 3-14 indicates that for antenna heights of 35 feet or |ess
all null angles are greater than 0.65 degree. Therefore, for these |arger
angles, the terrain with 4=foot irregularities would be considered rough, and
lobing effects would be weak. For a greater antenna height, for exanple, 75
feet, the first null could occur at a grazing angle of 0.3 degree. Therefore,
at this small angle (i.e., less than 0.65 degree), the terrain would be

Chap 3
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consi dered smooth, and reflection could occur, producing a first null
However, the highest order nulls woul d be weaker becasue of their required
| arger grazing angles, at which the terrain would be considered rough

5 Were the terrain is not realtively uniform the surface
roughness criterion nmust be applied to the Fresnel zone corresponding to
the null whose existence is being investigated. For exanple, figure 3-34
shows that for an antenna height of 45 feet, the first null reflection
zone extends out to approximtely 20, 000 feet or 3-3/4 nni. Therefore,
if the surface of relative smothness extends out at |east 3-3/4 nm for
the antenna, lobing will occur; if it does not, the presence of |obing
is uncertain. Present theory does not cover the condition where the first
Fresnel zone is only partially covered by smooth terrain, with the region
near the reflection point being nore heavily weighted. It should also
be noted that the presence of vertical surfaces near the Fresnel zone may
act to screen or otherw se break up vertical |obing effects.

(d) Reflection Coefficient Effects.

1 As indicated above, the vertical [obing relationships
devel oped here assume the reflected wave undergoes no attenuation and a
180 degree phase reversal at the reflecting surface. This is not the case
in general, but serves as a conservatively useful assunption. If greater
accuracy is desired; the magnitude, p, and phase, é_, of the actual surface
reflection coefficient nust be included in the analysis.

2 The calculated anplitude and phase of the reflection
coefficient are plotted in figures 3-40 and 3-41 for a smooth sea and dry
soil as a function of the angle of reflection. Curves are give for horizonta
and vertical polarization, and frequncies between 100 MHz t 0 3000MHz.

For dry soil, the reflection coefficient is not sensitive to frequency
changes, and the 100 MHz curve may al so be used for 3000 MHz. It is seen
that the reflection coefficient for vertical polarization is |less than
that for horizontal polarization

3 The coefficient of reflection for vertical polarization
varies rapidly with frequency and angle of reflection for sea water and
more gradually for dry soil. The angle of reflection corresponding to
the mnimum point of the curves in figure 3-40 is known as the Brewster
angl e corresponding to a simlar definition in optics. Cases of various
other types of terrain not considered in figures 3-40 and 3-41 may be
conputed from the follow ng equations
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_ 4 For vertical polarization

ecsin¢l— ¢ - coszw
p exp(-j¢) = = (3-37)
E:csin\b + / €.~ coszd)
5 For horizontal polarization:
2
siny - /c- cos Y
p exp(-j¢) = (3-38)
siny+ / €.~ coszll)
wher e
€ =g - | 600X
€ = dielectric constant of the reflector relative to air
o = conductivity of the reflector nhos/neter
A = wavelength, in nmeters
Y = phase angle, |agging.
Sone typical ground constants are given in table 3-2.
c. Cutter.
(1) Definition. In the discussion of signal detectability given in
section 3, it was assuned that only one echo signal is present wthinthe range
and angle sector being considered. |If a few other targets are present within

the total coverage volume of the radar, little or no harmis done. But if
there are so nany targets that they runtogether on the cathode-ray screen

or other type of display, or if they overlap in tine when time-gatedautomatic
detection devices are enployed, detection of a desired signalwllbeseriously
affected. A profusion of echoes sufficient to produce this effect is called
clutter or clutter echoes. Such echoes produced by an extended reflecting
region such as the surface of the land or sea, by weather, or even by birds

or insects, is called distributed clutter

(2) Noiselike Characteristics. Distributed clutter, that is, clutter
echoes fromvarious types of terrain and fromrain, have many characteristics
in conmon with receiver noise. They are randonmly fluctuating in anplitudeand
phase, and in many cases they even have a probability density function |ike
that of thermal noise. However, they differ in one inportant respect--their
fluctuation rate is much slower, which neans that their frequency spectrumis
narr ower .
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Table 3-2
TERRAI'N REFLECTI ON CHARACTERI STI CS 3/
Rel ative Dielectric Constant Conductivity
Type of Terrain Er o, nmhos/ neter
: , -2
Rich soil 20 3 x 10
=3
Heavy cl ay 13 4 x 10
Rocky soi | 14 2 x 1073
Sandy dry soil 10 2 x 1073
City industrial -3
area 5 10
Fresh water 81 1073
Sea water 81 1

3/ Reference 7

Page 116
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(3) Slow Fluctuation Rate, Wen the clutter level is nuch higher
than the receive noise Tevel, the detection problemis in terns of the signal-
to-clutter ratio rather than signal-to-noise ratio. It has many properties in
common with the problemof detecting a signal in thermal' noise. But, because
of the slower fluctuation rate, integration of pulses is relatively ineffec-
tive; the clutter is usually correlated for tine separations which may be of
the order of pulse periods. Also, sone clutter may be spiky in character
which neans that its statistics are different fromthose of the receivernoise.
But the basic problemof detection is the same: the signal power nust,on the
average, be great enough to produce a probability of detection substantially
greater than the false-alarm probability.

(4) Signal Detection in Cutter. Radar detection capability, there-
fore, is analyzed by considering how the target echo and the clutter echoes
vary with the range, so as to determ ne at what ranges the target-to-clutter-
signal ratio necessary for detection is reached. In the absence of specific
information on the clutter statistics, a reasonable assunption to make for the
required signal-to-clutter ratio is that, for given detection probability and
fal se-alarmprobability, it corresponds to the required signal-to-noise ratio
for single-pulse detection (no integration). This value, as determned from
reference 5 for Pg, = 10~% i s about 15.4 dB. This value, of course, must be
modi fied by the nti inprovement factor of 39 dB provided by radar signal proc-
essi ngTherefore, the mninum required signal-to-clutterratio at the receiver
input is 15.4 48 minus 39 438, or -23.6 dB.

(5) Signal-to-Clutter Ratio. The signal-to-clutter (s/c) ratiois
given by the ratio of the effective radar cross sections of the target and
the clutter, o, and o,, if both target and clutter are subject’ to the same
propagation factors. However, the propagation factors may be different, be-
cause of antenna pattern effects. The criterion of detectability of the
target therefore becones

°% & e .
s/c = cG—G>-§/C(m n) (3-39)
c tc re

wher e
(% = radar transmt antenna gain in direction of target

G, = radar receive antenna gain in direction of target

C%C = radar transmt antenna gain in direction of clutter

C%C = radar receive antenna gain in direction of clutter

s/c(min) -23.6 dB.

As discussed in paragraph 16.a.(6), the ARSR-3 has two beams. Transm ssion
al ways occurs with the |ower beam Reception can occur with either the upper
or lower beam For the shorter ranges where clutter is a problem the upper
beam would ordinarily be used
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(6) Land or Sea Clutter Cross-Section. The clutter cross-section,
0., IS the product of the cross section per unit area, o,, and the area of
the surface, A, illumnated by the radar pulse. For a radar of horizonta
beamwi dth, 8, radians and pul se length, T, seconds view ng the surface at a
grazing angle, ¢, this areais, for snall values of v,

A, = RBa Sil sec | (3-40)

where Ris the radar range to the surface and ¢ is the velocityof propagation
(3x 10® m/sec). This is shown diagrammatically in figure 3-42. Thus

c = A 0o , (3-41)

and once g, is known, both clutter cross section and s/c are readily deter-
mned for the target of interest.

(7) Cutter Cross-Section for ARSR-3. Expressing range, R in nau-
tical mles and using the ARSR-3 radar paraneters indicated in table 2-1 gives

A, = 11,000 R secant ¢ (sq. neters) (3-42)

and hence
o, = 11, 000 Roo secant ¢ (sq. neters) . (3-43)

g, in these equations has the dinensions of (m*/m®). It should be noted here
that clutter extends outward in range only as far as the radar horizon. This
di stance depends upon earth curvature, atnospheric refraction, the terrain
features, screening, etc. It is discussed in sone detail in section 2

(8) Values of on. The clutter cross-section per unit area, Gg, IS
a parameter which exhibits considerable variation with terrain type, terrain
condition (e.g., moisture content, snow cover, seasonal foliage cover, wave
patterns, etc.), and grazing angle. In addition, o, for any given clutter
cell will vary in timedue to the effects of w nd/wave notion and of radar
beam scanning. The variable nature of clutter makes prediction of o, diffi-
cult and subject to considerable error. This should be borne in mnd when
performng clutter analyses so as to avoid el aborate conputations not justi-
fied by clutter data accuracy. Sinple clutter analyses may be carried out
based on nean val ues of o, derived from neasurenent or theoretical nodels.
Some useful o, data is presented in tables 3-3 and 3-4 for landand seaclutter.
If the tabulated o5 data is used, the mean clutter cross section can be
conputed with the aid of equation 3-41 above

(9) Signal Detection Criterion for Cutter, Use of equation 3-39
will allow conputation of the s/c ratio for a given target. It shoul dbenoted
here that antenna gain values used in the calculation nust account for any
antenna tilt enployed. To a first approximation it can be assumed that the
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Figure 3-42 CLUTTER PATH GEOMETRY
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Tabl e 3-3

LAND CLUTTER REFLECTIVITY

0-10 ANGLE OF INCIDENCEY
Reflectivity in dB bel ow 1 m>/m>
Pulse width =1 us, 6, = 20

o, = medi an backscatter

L- Band S- Band C- Band
(1.2 &) (3.0 Ge) (5.6 CC)
Terrain a g o
o 0 0
Desert 45 - —
Cul tivated
Land 32 (V) - -
Qpen Wods 34 (H) 33 -
Woded Hlls 35 32 -—
45 47 -—
Smal | House
Districts - 35 35
Cities 30 - -
4/

="Reference 2
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Table 3-4

NORMALIZED MEAN SEA BACRSCATTER COEFFI Cl ENT, 00'5—/
L-Band (1.25 Gc), 0.5-10 us Pul se

ooi n dB bel ow 1 mzlmz
G azing Angle (degrees)
Sea
State Pol | 0.1 0.3 1.0 3.0 10.0
0 Vv ——— — 53+ --- 45+
Cal'm H - - — got | 72t 60"
Smboth - | v | st | sat | L
Vavel! H - - - - 73t 62t s6t
s Zght v g7t | - sst | 53 37
hadel! H 9ot | - - 65+ | 59 53
Moderate | V - - - - st 43 34
irel! H g2t | - - 6of | sst 48
4 . .
Rolgh - | V 45 38 31
5-8 ft o + +
YA H — 52 48 45
VeyRough| ¥ o 43 38 28
fadds it o est | --- sof | 46 43t

5/ Reference 2.

+ 5 dB error not unlikely.
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target will be detected in the presence of clutter' if the conputed val ue of
s/c is greater than -23.6 dB, as explained in section 4 above. This occurs
if

10 log,, S/C > -23.6 dB (3-44)

(10) Mninum Signal Detectable in Noise. The conputational nethods
di scussed here assune clutter power to be nuch greater than system noise. If
this is not the case, achievenent of the minimumrequired s/c ratio will not
insure target detection since detection may be I|n1ted by receiver noise.
Recei ver noise level, N, is approxinately 8(10)‘ watt, or 8(10)~'2milli-
watt, or -111 dBm. Wth the radar operating in the d|plex mode, detection of
an aircraft requires that the individual received signal pulses be 5.2 dB
greater than the receiver noise, or -105.8 dBm. Therefore,

s. . = -105.8 dBm = -135.8.dBV = 2-6(10) %% (3- 45)

(11) Calculation of Signal Level. The expected aircraft echo signa
power, S, can be estimated for comparison with both (1) the clutter power C,
If clutter is measured directly with a nobile radar unit, or (2) the receiver
noise level. Measured values of C must, of course, be corrected to account
for differences in antenna gains between the test radar and the radar being

sited. For free-space propagation, S can be determ nedfrontheradar equation:

17 P G G Azct
S = 4.29(10) Z 4 (3-46)
R
wher e
P = transmtter peak power (in watts)
G, = transmitting antenna gain in target direction
G. = receiving antenna gain in target direction
A = wavelength = 0.231 neter at f = 1300 Mz
o, = target radar cross section (in sg. neters)
R = range to target (in nm)

and val ues of the paraneters are listed in table 2-1. Target detection in
clutter can then be determned using equation 3-44, provided S > S min® 25
given by equation 3-45.

(12) Discrete Clutter. In addition to the diffuse scattering and
distributed clutter considered above, considerable radar clutter may al so be
generated by |arge buildings,water towers, powerlines andother stationary
objects, and by vehicular traffic, birds and other slow noving objects.
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Clutter return fromthese objects is usually treated separately, in nuch the
sane manner as targets. \Were the resulting clutter is intolerably severe,
attenpts shoul d be nade to provide either (a) natural shielding of the clutter
source, or (b) man-nmade shielding in the formof properly designed fences.

The latter may be acconplished using the nethods described in references 8or 9.

d. Angels

(1) Definition. Cutter that is nonstationary and elusive is nost
commonly cal l ed angels. Angel echoes can be obtained fromregions of the
at mosphere where no reflecting objects apparently exist. They take many dif-
ferent forms and have been attributed to various causes, including birds,
insects, and nmeteorol ogi cal effects.

(2) Bird Echoes. Probably the nmpst inportant source of angels is
birds, especially for ground-based radars |ooking over the sea. Al though the
radar cross section of a single bird is small conparedw ththatof anordinary
aircraft, bird echoes can be relatively strong, especially at the shorter
ranges because of the inverse-fourth- power variation with range. For exanple,
the radar ,Cross section of a bird the size of a sea gull mght be of the order
of 0.01 m®. A bird with this cross section at a range of 10 nm will return
an echo S|gnal as large as that froma 100 m® radar cross section target at
100 nautical mles. When birds travel in flocks, the total cross section can
be significantly greater than that of a single bird. Because the radar dis-
play collapses a relatively large volune of space into a small radar screen

"the display can appear cluttered with bird echoes even though onlya fewbirds

can be seen by visual exam nation of the surrounding area. Birds can fly at
speeds up to 50 knots (or higher if carried by the wind). This is probably
too high a speed to be rejected by nost nti radars. The snall echoing area
of birds means that they are primarily seen at relatively short ranges, 20 to
25 mles or less, for medium power search radars.

(3) Insect Echoes. Insects, even'though small, mayalso be readily
detected by radar. A direct correlation has been shown between nighttime
angel echoes detected by radar and observations of insects within a search- |,
light beamillunminating the same volume as the radar. Insects are usually
carried by the wind; therefore, angels due to insects night be expected to
have the velocity of the wind. Both insect and bird echoes are nore likely
to be found at the lower altitudes, near dawn and twilight. Since themgjority
of insects are incapable of flight at tenperatures bel ow 40 degrees or above
90 degrees Fahrenheit, large concentrations of insect angel echoes would not
be expected outside this tenperature range.

(4) Anomal ous Propagation. Radar waves directed at |ow angles can
be reflected or refracted to the ground by (a) an atnospheric |ayer of consid-
erable refractivity, (b) sharp refractive gradients over a local terrain fea-
ture such as intense nmoisture gradient over a river or |lake, or (c) wind-
carried refractive inhonmogeneities. The echoes return to the radar by the
sane path. In essence, the radar sees the ground or sone object on the ground
as a target. For exanple, a very realistic target might be tracked by the
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radar operator if the deflected radar beam happened to be illunminating a
noving train. An apparent noving target mght also be indicated even when
the beam observes a stationary object on the ground provided the reflecting
portion of the atnosphere is itself in mtion. At a range of 50 mles, a
horizontal reflecting layer rising 3 m/sec can cause an apparent echo to nove

at 300 nph

(5) Control of Angels. In general, angels caused solely by neteor-
ol ogi cal effects are beyond the control of radar siting engineers and do not
require unusual consideration when selecting a particular radar |ocation
within a limted region. Angels due to birds and insects, however, do nerit

sone consideration insofar as their severity can be controlled by the radar
stc characteristics.

e. Fal se Targets.

(1) Beacon Fal se Targets.

(a) Cause. As discussed in chapter 2, reflecting surfaces can
constitute a severe problemto ATCRBS operation due to the generationof false
targets. These npst conmonly occur when the main beam of the ATCRBS direc-
tional antenna successfully interrogates an airborne transponder via a reflec-
ted signal path. This will produce an apparent target at the azimuth of the
reflector and at a range corresponding to that of the reflected path, which
is always greater than the direct path range. This range difference is gen-
erally inperceptible on a normal display, however. The reflector and path
geometry are illustrated in figure 2-20. The range and azinuth region over
which false target effects may be observed are limted by (1) interrogation
link power and sensitivity, and (2) reflector dinensions and aspect angle
This assumes that the ATCRBS interrogation link determnes the maxi num range
of the system as discussed in paragraph 22. Aso discussed in chapter 2,
sls and isls are enployed in ATCRBS equipment to reduce the incidence of bea-
con false targets

(b) Radar Cross Section of False Target. Inorder todeternmne
the anount of energy reflected by the reflecting object, its bistatic radar
cross section, oy, can be deternmned from (reference 10):

2
4T A
- —eff ]
o = —5— (3-47)
AL
1
where Xi = interrogation wavelength (0.291 m), and A,¢¢ = effective area of

the reflector (m?), which is equal its cross-sectional area, A multiplied by
the sine of the angle of incidence, a:
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(c) Flat Rectangular Reflector. Fora flatrectangular reflector
of height h and width w

Ag; = hw sina | (3-49)

where these relationships can be used except where the reflector w dth exceeds
that of the ATCBI antenna beamwi dth. In that case

ui
W o= 785 %2 %1 (3-50)
wher e
R, = range between antenna and reflector
caf ™ azinuth beamwi dth, in degrees, of

i nterrogation antenna

and w and R2 are neasured in the sane units. For a flat lossless reflector

Aggg can be determned using the nonograph in figure 3-43a. The nonograph
construction assunes 6,4 = 2 degrees, Which is the beamwidth of the ATCB

directional antenna in Conjunction wth the ARSR=3.

(d) Maxinum Range for False Interrogation. Wth Ageg known,
t he maxi mum range over which targets can be falsely interrogated can be de-
termned fromthe bistatic radar equation

2
P, G, G_ A

s . .41 tz eff (3-51)
(lmRIRZ) LEI

wher e

L)
]

ATCBI peak power output

(2]
]

interrogator antenna gain

D
]

transponder antenna gain

£
#

range between reflector and target

)
W

range between antenna and reflector

o
]

system | osses, and

w
]

transponder mninum sensitivity

in consistent units. Rearranging gives
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P. G, G A*
R, = /d i 2: eff (3-52)
(knRz) Smi L

n s

(e) Exanple of Maxinum Range. Equation 3-51 can be convenient -
ly solved for RL under the conditions

L, = 5.5 dB (see reference 8)
Gi = 22.5 dBir
G, = 2 dBir

with the aid of the nomograph in figure 3-43b. A brief examination of the
nonogr aph indicates that for transmtter power on the order of 200 watts,
reflectors of 300 square feet effective area within 1000 feet of the inter-
rogator can cause false targets to appear at ranges within 60 nm of the
ATCBI installation. Wth a transmtter power of only 50 watts, the same
refl ector can cause false targets to appear at any range out to 30 nm.

(f) Angul ar Regions Affected by False Targets. The angul ar
extent of the sectors affected by false targets is defined in figure 3-44.
The incident rays are set 1° beyond the edges of the reflectors to account
for scanning of the antenna beam across the reflecting surface, False tar-
gets are displayed at azinmuth angles between 8, and 61. These occur due to
targets in the angular sector between 52 and z;. The false targets are
di spl ayed at ranges corresponding to Rl + R2.

(g) Characteristics of Beacon Fal se Targets. Some of the
characteristics of beacon false targets which are inportant in differen-
tiating themfrom second-tine-around returns, near synchronous fruit, etc.,
are:

1 The fal se target and the normal replies will generally
appear in pairs. There is an exception to this, however, if the aircraft
is in a screened region for direct interrogation, but can be interrogated
via a reflected path

2 The range of the reflection will, at all tines, be greater
than the ranges of the normal reply. [|f the range of the normal reply is
increasing or decreasing the same change in range will apply to the reflec-

tion,
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B . AT .
Equation : R, =‘\/PdGlst Aot
‘4")2 Rf Smints

SOLUTION

i. LAY STRAIGHT EDGE BETWEEN POINT ON “F" SCALE EQUAL
TO RESULY OF STEP NO.2 OR NO.3 OF FIG.2-48A, AND A POINT
ON THE "6" SCALE RELATING TO TRANSMITTER PEAK POWER ,
THUS LOCATING AN INTERSECTING POINT ON THE DIMENSIONLESS
"H® SCALE,

2 . PIVOT THE STRAIGHT EDGE AROUND THAT POINT ON THE "H"
SCALE TO INTERSECT A POINT ON THE "J3" SCALE CORRESPOND-
ING TO RANGE FROM THE TRANSMITTER TO THE REFLECTOR,
THE RESULTING INTERSECTION WITH THE "K" SCALE YIELDS THE
MAXIMUM RARGE OF THE REFLECTION,

NOTES

I. MAXIMUM RANBE OF REFLECTION FOR AIRCRAFT TRANSPONDER
* WITH A MINIMUM TRIGEGERING LEVEL OF - 74 dBm

2. ASSUMED VALUES FOR ANTENNA GAINS AND SYSTEM
LOSSES ARE

@3 s 22.5 dbir
8¢z 2 db
Lg 2 8.8 db ( Transmission Line Loswes)
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- BEACON FALSE -TARGET ANGULAR
Figure 3-44 SEOMETRY
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(h) Reflectors Likely to Cause False Targets. Because of the
importance to air traffic control operations, allan route siting analyses
shoul d include an assessnent of the |ocations where beacon false targets may
be expected to determne the inpact of overall ATC operations. Metal build-
ings or building roofs, water towers, fences, parked aircraft, etc., within
1 mle of the radar site should be considered as primary potential sources
of reflected false targets. Large reflecting surfaces at even greater dis-
tances may also cause difficulties as can be seen fromfigures 3-43a and b

(2) Radar Fal se and Unwanted Targets.

(a) CGeneral. False targets may be generated in ARSR equi prent
by nuch the sane reflection mechani sm as described above. These will occur
in the same areas as beacon false targets, but will generally be |ess severe
ineffect. As a consequence, it is usually acceptable to ignore reflected
radar false target effects in favor of acareful consideration of beacon false
targets

(b) Various Myving Targets. O nore serious concern are un-
wanted radar targets caused by the detection of moving targets other than
aircraft. These include autonobiles, railroad trains, birds,etc. Thisoccurs
since the undesired targets are of sufficient size that they can be detected,
and since their velocity is outside the radar's nti rejection region. Some
reduction in the direction of unwanted echoes nmay be achieved through the
proper use of radar's stc or css capabilities, but efforts should be made to
mnimze this problemat the time of site selection. To do this,sites should
be sel ected which provide natural shielding of the nearby highways and rail -
road lines. \ere this is inpossible, landscaping or other artificial means
to provide the necessary screening should be considered. In addition, selec-
tion of sites where visible vehicular or rail traffic travels along a radar
tangential path will mninize the false targets produced

f. Tangential Course Problens.

(1) Cause. The ARSR mtireceiver operates to reduce the appearance
of stationary targets (clutter) on the radar ppi display. This is conmonly
done, as described in chapter 2, by using canceler networks with response
characteristics dependent upon the observed target Doppler frequencies
approaching zero. Even noving targets may be invisible to an nti radar if
their direction of flight causes the radial conponent of their velocity to
approach zero. This occurs as the target flight path beconmes tangential to
circles drawn about the ARSR site. As a consequence, ARSR site selection
shoul d include careful exam nation of airways which carry traffic on tangen-
tial flight paths for the potential |oss of radar coverage.

(2) Significance of Coverage Loss. Loss of coverage is said to
occur whenever signal dropoutcausesm ssed detection for a period of three
(or nore) consecutive radar scans. Remenbering that coverage |oss due to
tangential courses is a problemwhich affects only the radar's nti receiver
consi deration can probably be limted in nost cases to a region within 10
or 15 nm of the radar site. Beyond this range, clutter is usually not a
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factor and the normal or |og radar receiver is enployed. Exceptions occur
where nountains or other terrain features cause clutter, and hence require
nmi usage to greater ranges.

(3) Citical Dropout Tine. Mssed detection on three consecutive
scans can, in some cases, occur if signal dropout lasts over a time duration
TD, just exceeding, or equal to two radar scan periods,i.e., if TD = 120/w,,
where TDis the critical dropout time (sec) and w, is the radar antenna scan
rate (rpnm). For the ARSR-3 with its 5 rpmscan rate, TD = 24 sec.

(4) Mninmum Detectable Radial Velocity. The Doppler frequency,
£4, of the target signal is equal to 2 V./A, where V. is the target radia
vel ocity conponent with respect to the radar and A |s wavel ength. Due to
t he shape of the nti response curve (figure 2-9), targetshaving radialvelocity
(range rate) below some mninmumvalue, V,, will not be readily detectable.
This mnimum detectable radial velocity is dependent upon several factors
including: (a) the basic nti canceler response, (b) the particular form of
vel ocity shaping enployed, and (ec) the radar prf jitter characteristics, and
hence is not readily specified with accuracy at the tinme of siting. It is
probably sufficient, however, for prelimnary analyses, to assune a m ninum
detectable radial velocity of 15 knots. This is based on assum ng target
detectability is inpaired where the response is 6 dB bel ow the average
response (figure 2-9).

(5) Tangential Path CGeonetry. In addition to the maximm signa
dropout time, TD, another parameter of extrenme inportance is the maxinum dis-
tance, Lgn, the aircraft travels during the dropout time. As can be seen from
figure 3-45, Ldm= 2 d tana, where d is the distance fromthe radar to the
airway. In turn, a =sin" (Vep /V ), Where Ve is the target ground speed.
Conbi ni ng these two reIat|0nsh|ps

v

-1
L, = 2dtan sin —‘;":‘- (3-53)

with the results graphed in figure 3-46.

(6) Coverage Dropout Region. As can be seen fromfigure3-45;Lg,
is centered on the point of tangency between-the airway, or its extension,
and a circle about the ARSR site. The distance, Lyq, of ACTUAL dropout corre-
sponds to the region of overlap between the airway plan, and Lgy. This is
illustrated in figure 3-47. As isreadily apparent, Ld nmay be considerably
| ess than Lg,. For each airway where coverage dropout is possible, the dis-
tance Ldm can be determned fromfigure 3-46. Map study of the local air
routes will then allow the actual dropout region, and Ly, to be deterni ned

(7) Dropout Tinme and Distance. Once known, Ld can be used toget her
with the aircraft velocity to determne the duration, Td, of coverage dropout.
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Figure 3-45 TANGENTIAL PATH GEOMETRY
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Figure 3-46 MAXIMUM COVERAGE DROPOUT DUE TO
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FIGURE 3-47. COVERAGE DROPOUT REG ON

a) I"d < I"dm

B) Lg = Lyg
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This is given by

I"d
Td = 3600-‘2 (3-54)

where Td is given in seconds, L4 in nautical mles, and v, in knots. Equation
3-54 is plotted in figure 3-48.  Tol erabl ecoverage dropou%mﬁll beexperienced
where the value of T4 so determined is |ess than 24 seconds, the value of Ty4
derived earlier. Further consideration of a site where Ty < TD, for any airway
within the (usually 10or 15nmi) range region of nti receiver usage, should be
given only after coordination with Air Traffic and Flight Standards Division
representatives

40. SOURCES/ CAUSES OF DEGRADED PERFORVANCE.

a. Introduction. Radar performance is materially affected by the envir-
onment, and therefore the geographic location, in which the radar operates
The two nost inportant factors which influence radar/beacon coverage are the
earth's surface and its atnosphere.

(1) Earth's Surface. The earth's surface or terrain inthe vicinity
of the radar/beacon antenna can alter the free-space radiation pattern as well
as produce unwanted signal returns. The extent of these earth-surface effects
depend on the effective antenna height, surface roughness, terrain features,
and the presence of natural or manmade obstacles about the site. The specific
character of these surface-related parameters determ nes the radar/beacon
coverage obtainable by virtue of the screening, |obing, false targets, and/or
clutter they produce

(2) Atnosphere. The earth's atmosphere within the geographica
regionof thesite can al so affect radar/beacon performance by (1) refraction
caused by an inhonogeneous at nosphere, (2) attenuation due to severe weather
conditions, and/or (3) chem cal damage to theconponents of the radar/beacon
system from corrosive agents (or contaminants) in the atnosphere. These
sources of system performance degradation are discussed bel ow. )

h. Site Eievation and Surface Roughness.

(1) Site Elevation Effects. The effect of site elevation on the
radi ati on pattern and coverage of the radar/beacon antenna may be seen in figure
3-49. A conparison of radiation patterns between the high-sited and low-
sited antenna in the figure shows that the high-sited antenna has the greater
| ow-angl e coverage. However, the extent of clutter (signal return from near-
by land and sea surfaces) is increased for high-sited radars, and the high
altitude coverage is correspondingly decreased.

(2) Effective Antenna Height. The effective height of an antenna
is asignificant factor in calculating the effect of theearth on the radiation

pattern. It may or nmay not correspond to the site el evation. The effactive
height of anantenna --w th theearth regardedas asmooth reflector-- isits
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Figure 3-48 TIME VS DISTANCE FOR COVERAGE DROPOUT .
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hei ght above the local terrain or reflecting surface. Effective height can
vary as the antenna rotates. This is especially true of a coastal cliff-sited
antenna; its effective height is equal to its elevation on an over-water
azinuth, but is nuch | ess when the antenna | ooks inland.

(3) Vertical Lobing. Goundreflection occurswhen thebeanradiated
fromthe antenna strikes the surface of the earth and bounces upward. The
vertical coverage of a radar can vary greatly because of ground reflections,
as the reflected wave may arrive at the target in a manner that will either
aid or oppose the direct wave. This effect of subtraction and addition be-
tween the reflected wave and the direct wave creates a vertical pattern of
nulls and lobes as illustrated in figure 3-49. Lobing effects are discussed
quantitatively in detail in paragraph 39.b. Wth |owsited antennasin smooth
terrain termnal areas, beacon |obing null angles frequently occur for low-
altitude aircraft, and may seriously conpronise ATCBI coverage.

(4) Surface Roughness. The factor of effective antenna height has
added significance where reflections from the earth' ssurfacemateriallyaffect
the structure of the radiation pattern. \Were theearthis smoth, relative to
radar wavel ength, ground reflections of the radar beam occur. \here the earth
is rough, diffuse reflection (scattering) of the radar beamresults, the
radiation pattern is nuch |less affected by ground reflection, and the factor
of effective antenna height has reduced significance.

(5) Sunmmary. In general, the selection of high versus |ow antenna
el evations requires a tradeoff between the various performnce degrading ef-
fects to achieve optinum coverage; An ideal antenna heightw || escludel obing
null angles frominportant coverage altitudes while minimzing the clutter
area and permtting adequate high and |low altitude coverage.

c. Terrain Types. In general, radar sites are divided into three geo-
graphic categories: coastal, flat-earth, and nountainous. Since the terrain
varies considerably with locality, a discussion of each category is included
as background information for guidance in specific site selection

(1) Coastal Sites.

(a) Line-of-Sight Coverage. Wen the area of prinmary search
overl ooks the sea, the site should be [ocated to obtain a w de, unobstructed
panorama of the sea. Lowangle, |ong-range coverage is best obtained with
the antenna site at the highest practical elevation. Lowering the height of
the antenna raises the radar los and resultsin areductioninrange coverage at
the lower altitudes. Therefore, if the detection of target aircraft at |ow
angles is a criterion in meeting operational requirements, the sacrifice in
| ow-angl e coverage that results from decreasing the antenna hei ght must be
careful Iy considered

(b) Vertical Lobing. Theradiation patternfor alower antenna
hei ght (see paragraph 39v), is characterizedby fewerlobes athigher el evation
angles and greater spacing between the lobes. The consequent reduction in
| ow-angl e coverage is in addition to that inposed by changing the radar los.
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The reduction of lowangle coverage and the greater gaps in vertical coverage
are perhaps the nost inportant characteristics of the |owsited coastal radar

(¢) Sea Clutter. An estimate of the extent of the sea return
can be made by assum ng various antenna elevations and by cal cul ating the cor-
respondi ng di stances to the radar horizon. Under conditions of a disturbed
sea, the sea return will tend to extend to the radar horizon. Tracking at
ranges | ess than the horizon distance may be |argely handi cappedby seaclutter.
The extent of sea clutter can be expected to dimnish with decreased radar
hori zon distance as the elevation of the antenna is decreased. For the case
of a radar sited relatively [ ow over the sea, the problemis one of intensity
of clutter rather than of extent of clutter relative to the maximum range of
the radar

(d) Radar Range. Radar range, as well as the extent of sea
clutter, varies somewhat with the condition of the sea. When theseaissnooth,
clutter is reduced and the vertical radiation pattern is characterized, in
general, by a large nunmber of closely spaced |obes in the pattern. As an
approxi mation, the number of |obes will be equal to the nunber of half wave-
| engt hs contained in the height of the antenna above the sea. Some extension
of the radar range can be expected as a result of lobing. This may be cffset,
however, by loss of tracking ability associated with the gaps of the inturfer-
ence pattern. Under conditions of a disturbed sea, it may be expected that
the clutter will increase in extent and intensity, and that the radiation
pattern will tend toward the free-space condition because of the effect of
scattering. As a result, radar coverage or trackingbeyond therange of clutter
may be expected to be nore solid; however, because of the great intensity
of the seareturn, tracking within the rangeof cluttermy begreatly dim ni shed

(e) Summary. If there is a choice between a site overlooking
the open sea and one overlooking a |arge expanse of relatively protectedwater
of conparable azimuth extent, the latter is to be preferred. This is because
of the reduced sea clutter and, to sonme extent, the nore nearly stable effect
on the radiation pattern. The guiding factors, in any case, should be
(a) maximum unobstructed azimuthal coverage, and (b) sufficient antenna height
for operational coverage of |ow altitude fixes.

(2) Qverland Sites.

(a) In overland azimuth sectors of earth, particularly over
rough terrain, ground clutter can be extensive up to the radar horizon. In
addi tion, permanent echo returns from terrain featureslocated beyondtheradar
hori zon may be visible on the radar indicator because of their height and
large reflecting areas. The primary difference, then, between a site over-
| ooking the sea and one overlooking land, is the extent and intensity of the
clutter. Land search inposes nore severe clutter limtations on a givenradar
Again, the height of the antenna above the ground will have to be a conpronise
bet ween the niaxi munuseful range of a radar, for a given target aircraft, at
medium or |low altitudes and the amount of ground clutter that can reasonably
be tolerated
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(b) Flat-Earth Sites.

1 In situations where the terrain in a given locality
of a proposed radar site is relatively flat, particular regard shoul d be
given to: (a) the distant horizon should be visible fromthe antenna |ocation
over as great an azimuth sector as possible, particularly in the azimth
sector of interest for mnimm screening; and (b) the ground in the vicinity
of the antenna should be thoroughly rough, with trees, undergrowth, snal
buildings , and such obstructions that wll break up reflections of the radar
beam (Care should be taken that this roughness does not increase clutter
or permanent echoes unduly.)

2 In heavily forested regions, or in the presence of
nat ural / manmade obstructions to visibility, the radar antenna shoul d be
tower-mounted at a height sufficient to clear the obstructions and permt
visibility of the distant horizon

3 Cutter may be reduced to some extent by adjusting the
antenna tilt, by using nti devices, or by incorporating an allowable anmount
of local screening. The first two clutter control measures are associated
with the radar equipment. In the latter method, the screening obstacle
may be a ridge, a succession of ridges, or a series of hills in the vicinity
of the site

4 The location of the antenna, with respect to the screening
obstacle, should be-such that the clutter is reduced to allowable linmts
and that the elevation of the Iine-of-site does not exceed operational limts.
In an idealized case, the location of a radar antenna would be at the center
of a large, shallow, saucer-shaped depression. The clutter would then be
limted largely to the periphery of the depression. However, such depressions
are not commonly found. The same effect can be created by trees or other
types of vegetation conpletely surrounding the site. Deciduous vegetation wll,
of course, produce seasonal effects. Nonreflective man-nmade objects may
al so provide screening

(c) Mountain Sites.

1 I'n rmountainous regions the location of a search-radar
antenna is determned, as a general rule, by the amount of screening that may
be tolerated from adjacent mountain ranges or ridges, the extent and intensity
of the cluter and permanent echo return, the accessibility of the site
and the economic limtations and special problems inposed by the topography
of locality. Wth the relatively high elevation of an antenna site |ocated
on a nmountain top, the problemof clutter is correspondingly greater

2 The principal factors to be considered in selecting
a nountain locat ion-are : (a) the elevation of the tentative site in relation
to that of adjacent screening terrain; (b) the distance between the site
and the screening terrain, and (e¢) the range of performnce capability of
the radar conpared with the clutter
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3 The first two factors conbine to determne the angul ar
el evation of the los or screening angle. They should be of such as to yield
a maxi mum depression of the los in the azinuth sectors of primary operationa
interest. The second, screen distance, affords an estimte of the extent
of clutter to be expected -- clutter generally extends to the visible skyline.
The choice of a mountain-top location as aradar site thus involves a conprom se
between screening and clutter limtations and radar performance capability.

4 Muntain top sites often introduce special problenms
of access, installation, operation, and maintenance. These concern access
road construction; protection against wind, snow, and ice; and the availability
of water and local fuel. These are items of particular interest to the
construction engineers in a siting party. They are itens, too, whose costs
may rule out the use of otherw se desirable sites.

(d) Urban Sites.

1 Uban areas present widely varying conditions which
can affect radar band beacon performance. Such sites aretypified by variable
skyline and surface conditions, and increased problens due to structures,
vehicular traffic, rfi, and atnospheric contam nants. Frequently, cost-
related factors are decisive in selecting site |locations in urban areas.
Land availability and the cost thereof, will, in many cases, severely limt
the nunber of potentially acceptable site |ocations.

2 Once potential site |ocations aredeterm ne, selection
shoul d give special attention to screening andreflections due to structures,
interference, potentially corrosive atnmospheric pollutants, and clutter
Screening, clutter, and reflection problens can be examned with the aid
of techniques presented in paragraphs 39a, b, and ¢c. Interference and
corrosion considerations are discussed in subsequent sub-paragraphs.

3 For typical housing devel opnents and established urban
comunities, the conpact arrangement of homes usually presents a surface
of closely spaced rooftops interspersed with tree foliage. The type of

reflecting surface, being highly irregular, will in general break up the
I npi ngi ng ARSR and beacon radiation to the extent that little |obing can
be expected. However, ARSR clutter will increase in the azinuth sector

and range over which this surface extends. Nevertheless, wth use of nt
and stc clutter reduction techniques, antenna heights and tilt angles can
usual Iy be found which afford an effective conprom se between this type
of clutter and the lowaltitude coverage desired.

4 Hi ghways, streets, or roads |ocated near a site under
consi deration should be noted particularly when the road surface will be
directly illumniated by the ARSR and beacon. If the course of the thorough-
fare is along a radial of the scanning ARSR or beacon interrogator, |ocalized
vertical lobing can be expected. Furthermore, moving vehicular traffic
along a highway, road, or railroad will generate noving target indications
on the ppi
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5. Becauseof theconstant constructionand renewal activities
in and around urban areas, it is advisable to contact nunicipal officials to
identify any planned construction in the vicinity of the site being consid-
ered which coul d degrade and/or conpronise radar and/or beacon performance

d. Anomal ous Propagation

(1) Definition. El ectromagnetic waves propagating through the
earth's atnosphere do not travel in straight lines, but are curved. This
curvature is caused by the variation with altitude of the velocity of propa-
gation in free space to that in the mediumin question. For a standard atno-
sphere, the index of refraction decreases with altitude, causing the radar
waves to bend downward. At tines, however, changes in the standard conditions
of the atnosphere brought about by moving air masses, rain, fog, tenperature
inversions, etc., can cause changes in the nomnal index of refraction. \Wen
this occurs, abnornmal propagation results where radar waves are bent either
further downward, or in sone cases, upward. This departure fromthe norma
bendi ng of the radar wave is called anonmal ous propagation

(2) Types of Anonal ous Propagations. The termanomal ous propagation
i ncludes both super-refraction and subrefraction. Super-refraction results
in an extrene downward bending of the radar waves and pernits ground and near
surface targets to be seen considerably beyond the normal radar horizon. The
energy is propagated in a region called a duct which usually lies at or near
the earth's surface. A duct is produced when the indexof refractiondecreases
with altitude at a rapid rate. Upward curvature of the radar waves occurs
when the refraction index increases with increasing altitude. This is called
subrefraction and leads to a decrease in radar range as conpared w th stand-
ard conditions.

(3) Index of Refraction, n. At ARSR and beacon frequencies, the
index of refraction,n, forairwhichcontainswatervapor is (fromreference 11)

-6
q = 14 17.6p x 107" + 0.373e (3-55)
T 2
T
wher e P = baronmetric pressure in mllibars

(1 mHg = 1.3332 nillibars)

e = partial pressure of water vapor
in mllibars
T = absolute tenperature, °K.

(4) Normal Variation of n Wth Altitude. The barometric pressure,
p, and the water vapor content, e, decreases rapidly with altitude, while the
tenperature, T, decreases slowy. Hence, the index of refraction normally
decreases with increasing altitude. A typical value of the index of refrac-
tion near the surface of the earth is 1.0003, and in a standard atmosphere it
decreases at the rate of about 13.1 x 10~% per foot of altitude.
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(5) Causesof AnomalousPropagation. Theatnospheric conditions that
can produce anonal ous propagation are those where the pressure, tenperature,
and water vapor content gradients depart drastically fromthat of a standard
atnosphere. As stated earlier, to,produce a duct, the index of refraction
must decrease with altitude at a rapid rate (i.e., faster than normal). This
can occur when (a) the tenperature increases, and/or (2) the humidity (water
vapor content) decreases abnormally with altitude. Anincreaseof tenperature
with altitude is called a tenperature inversion and occurs when the tenpera-
ture of the sea or land surface is appreciably less than that of the air. A
tenperature inversion, by itself, nust be very pronounced to produce ducting.
Wt er-vapor gradients are nore effective than tenperature gradients alone.
Thus, super-refraction is usually nore prom nent over oceans, especially in
warm cl i mat es.

(6) Super-Refraction. In general, super-refraction will occur when
the air is exceptionally warmand dry in conparison with air at the surface.
Over | and masses, super-refraction is most noticeable on clear summer nights
especially when the ground is warm and noist, This leads to a tenperature
inversion at the ground and a sharp decrease in humdity with altitude. Such
ducting will usually disappear during the warmest part of the day. Mvenent
of large masses of warmdry air, fromland, over cool er bodies of water pro-
duces tenperature inversion. At the same tinme, noisture is added fromthe
water to produce a moisture gradient. The resulting ducting tends to be nore
prom nent on the |leeward side of |and nmasses and can |ast for |ong periods of
time. Gound ducts can be produced by the diverging downdraftunder athunder-
stormthat causes a tenperature inversion and a decreasing noisture gradient
over the lowest few thousand feet of altitude. In tenperate climtes, super-
refraction is nore conmmon in sumer than in winter. It does not occur when
the atrmosphere is well mixed, a condition generally acconpanying poor weather
When it is cold, rough, storny, rainy, or cloudy, the lower atmosphere is wel
stirred up and propagation is likely to be normal. Both rough terrain and
high wind tend to increase the atmspheric mxing, consequently reducing the
occurrence of ducting

(7) Characteristics of Ducts. Atnospheric ducts are generally of
t he order of several tens of feet high, never more than perhaps 500 or 600 feet.
They are primarily limted to | ow angles of elevation, rarely affecting radar/
beacon coverage at angles above 1.0 to 1.5 degrees. In general, lowsited ra-
dars are nmore susceptible to ducting than high-sited ones. The chief effect of
ducting is to extend the surface coverage of the radar/beacon, while at the
sane tinme creating a large hole of poor coverage in the airspace above the
extended surface coverage. In the case of the ARSR this can be troublesone
Most of the long-range, lowaltitude coverage will include clutter, making
detection of aircraft nore difficult. A so, the extended ranges within the
duct may result in anbiguities and confusion because of interferenceof second-
tinme-around echoes. Super-refraction is a phenomenon that cannot be depended
upon. Its presence and magnitude are determined by neteorol ogi cal conditions
over which there is no control
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(8) Sub-Refraction, Sub-refraction phenonmena occur |ess frequently
than ducting. In certain cases, fog can |ead to substandard propagation or
sub-refraction. Fog forms when the water in the air changes fromthe gaseous
to the liquid state, but the total water content renmains unchanged. The effect
of water in the liquid formon the index of refraction is negligible conpared
to the water vapor content (see equation 3-55). Therefore, the formation of
fog near the surface results in a reduction in the water vapor contributing
to the index of refraction at the surface. Al other factors being equal,
the net result is that the water vapor content increases with altitude, caus-
ing the index of refraction to increase with altitude. It should be pointed
out that although fog can cause sub-refraction, the presence of fogisneither
a necessary nor a sufficient condition for its occurrence.

(9) Inplications for Siting. Since the meteorol ogical conditions
that support anomal ous propagation may extend throughout and beyond the air-
space of interest, the options for reducing its effect by selective siting
are limted. As stated earlier, high-sited radar/beacon systens are |ess
susceptible to the effects of ducting than [owsited ones. This dependence
can sonetimes be beneficial against potential ducting at coastal sites if the
effective antenna hei ght above the sea is 500 feet or nore. Shielding or
screening is another option. However, this is limted by the amount of low-
al titude coverage that can be sacrificed within the airspace. Athough the
siting options with respect to anomal ous propagation are limted, it is never-
thel ess inportant that the siting engineer understand and recogni zet he causes
and effects of anomalous propagation. Efforts should be nade to collect the
climtol ogi cal data necessary to predict its occurrence and estimte its
effect on ARSR/ beacon performance, so that when the condition occurs it will
be recogni zed and the radar/beacon output properly interpreted.

e.  Weather

(1) Adverse Effects. Athough one of radar's specific benefits is
the ability to penetrate fog, rain, snow, etc., these weather conditions can
have degrading effects on sone radar systems. The npbst inportant effects are
generally (a) signal attenuation, causing reduced signal detectability as a
result of absorption or scattering of energy, and (b) signal backscatter
causi ng masking or confusion of legitimate targets due to the displayof echoes
fromthe weather itself. These effects are usually more pronounced for rain
than for other possible weather conditions, and are frequency dependent. The
first effect, signal attenuation, is negligible for both the ARSR and ATCB
frequencies, even for heavy rainfall conditions. The second effect, back-
scatter, is discussed bel ow

(2) Radar Resolution Cell. A radar resolution cell is defined by
the antenna azimuth and el evati on beamwi dths and by the radar pul se width:
v. =rle & (3-56)
r a'e 2

wher e
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R = range (neters)

<D
| ]

antenna azimuth beanw dth (radians)
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]

antenna el evation beamwi dth (radians)

~
"

pul se duration

c velocity of light.

(3) Rain Equivalent Backscatter Cross Section. If rainisw despread
inthe area, it may fill the entire resolution cell at short ranges. This can
be seen by consi dering the follow ng nunerical exanpl es derived from the ARSR-3
parameters. In range, the cell dimension is et/2, or 300 m |In azimuth, the
cell dimension is proportional to range, being 1 nm at a range of 50 nmi, and
4 nm at 200 nm. In elevation, the cell dimension is again proportional to
range, being 3 nm at 50 nm, and 12 nm at 200 nm. At the longer ranges
the vertical dinmension of the resolution cell obviously exceeds the possible
extent of a rainstorm As an estimate of a practical upper limt of rain cel
di mensions, the following values will be assumed: range, 300m azimuth,4 nm;
elevation, 3 nmi. The resultant volume is 12(10)°m®. As indicated in table 3-5,
the rain backscatter cross section per unit volumeis estinatedat 2(10)~°m/m3
for heavy rain (16 mm/hr). Thus, the resultant equival ent backscatter cross
section of the rainis 24 m®*. As can be seen fromtable 3-1, this is of the
sane order of magnitude as the radar cross sections of the larger aircraft,
and an order of magnitude |arger than that of the smaller aircraft.

(4) Use of Circular Polarization (CP). Successful detection of
desired targets under severe rain conditions therefore requires rejection of
precipitation echoes. This is done in ARSR systens prinarily by a switch to
cp operation. There are two types of cp, distinguished by the direction of
rotation of the electric vector as viewed by an observer |ooking in the direc-
tion of propagation. A clockw se rotating electric field vector is known as
right-hand cp, while a counterclockw se rotation is known as |eft-hand cp
If the radar radiates one sense of circular polarized energy, it cannotaccept
the backscattered echo signal froma target such as a sphere since the sense
of polarization is reversed on reflection. That is, if right-hand cp is
transmtted, spherical raindrops reflect the energy as left-hand cp, just as
the mrror-reflected image of a right-hand screw thread appears to be left-
hand. Since the sanme antenna is used for both transmitting and receiving,
and the radar antenna is not responsive to the opposite sense of rotation, the
receiver does not receive echo energy fromthe spherical reflector

(5) Arcraft Echo Characteristics. An aircrafttargetwllreturn
sone energy with the correct polarization as well as energy with the incorrect
polarization. Energy incident on the aircraft may be returned afteronebounce,
as troma plane sheet or a spherical surface; or it mght make two or nore
bounces between various portions of the aircraft before being returned to the
radar. On each bounce the sense of polarization is reversed. Signals which
make single reflections (or any odd nunber) will be rejected by the cp antenna,
but those signals which nmake two reflections (or any even nunber) will be
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Table 3-5

RAI'N BACKSCATTER AT 1250 MHz

5/31/83

Rai n Backscatter Cross
Section Per Unit Vol.

\Weat her

Condi ti on o2/
Drizzle -12
(0. 25 mm/hr) 2 x 10 (1)
Li ght Rain -11
(1 mm/hr) 2 x 10 (2)
Mderate Rain -10
(4 mm/hr) 2 x 10 (2)
Heavy Rain (16 mm/hr) 2 x 1077 (1)

(1) Estimated.

(2) Data fromreference 2.
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accepted. The radar cross section of aircraft targets is, in general, |ess
with circularly polarized radiation than with |inear polarization. The differ-
ence in echo signal level with cp and Ip will depend upon aspect angle, but

it has been reported (reference 2) that on the average cross section with cp
is about 5 dB less than with |p for the ARSR frequency region

(6) Effect of CP on Maximum Detection Range. If itcanbeassunmed that
the combined effects of cp operation and nti inprovement will allow a target
to be detected against a rain clutter echo background, it is useful to deter-
mne the range of such detection, relative to free space operation. This is
determined fromthe loss in signal strength due to cp (5 dB). This corresponds
to a range coverage which is 75 percent of the free-space range.

(7) Weather Information From ARSR-3. The use of a polarization
diplexer in the ARSR-3 provides weather information when using cp. The cp
weat her returns are not cancelled, but are shifted to an orthogonal polariza-
tion after passing back through the polarizer. Normally the wavegui de system
rejects the orthogonally polarized weather returns, but in the ARSR-3 these
returns are accepted in the opposite channel because of the polarization
di pl exing arrangenent. For exanple, if frequency £, is radiated in channel 1,
the weather returns at f2 are accepted by channel 2. Thus, weather informa-.
tion is made available (reference 11)

f.  Environmental Danmage

(1) Sources. Chemical constituents and/or sand and dust in the
at nosphere are potential sources of corrosionor damage to radar/beacon equip-
ment or conponents. Protection against natural concentrations of' these agents
within a geographical region is best acconplished by specific design of the
ARSR/ ATCRBS systenms. However, within a given region,certainlocal es(centered
about chemcal processing plants,sewage disposal facilities, ocean shorelines,
mning operations, or industrial parks) may exhibit unusually high concentra-
tions of such contamnants. In siting, these areas should be avoided

(2) Atnospheric Contaminants, Someof themost inportantatnospheric
constituents with respect to corrosion include chlorides,sul phates, nitrates,
hydrogen ions, sand and dust. Table 3-6 shows the source, |ocation, and con-
centration of these contamnants. Al ong ocean or sea coasts, salt spray is a
corrosive factor for installations |ocated | ess than 1000 feet inland. This
m ni mum di stance shoul d be even greater in coastal areas where unusual high
wind conditions are known to prevail. Ozone at the earth's surface created
by photochemical reduction of organic pollutants (snog) will deteriorate
rubber materials. Sand and dust fromstorns in desert regions, or in and
around stone quarries or mning operations can have serious effects on noving
parts (i.e., bearings, gears) of the radar/beacon antenna systens. Areas of
hi gh sand and dust concentration should be avoided, if possible.
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Concentration (in rain water), Source, and Location
of the Mbst Inportant Constituents with Respect to Corrosion/ \Wear

Table 3-6

ATMOSPHERI C CONTAM NANTS

5/31/83

6/

Cont am nant

Sour ce

Locati on

Concentration in
Rain Water, mg/liter

Chloride (C-)

Sulphate (SOZ-)

Sea Spray

Industrial Areas

Over sea or near
the coast

Large cities,
i ndustri al areas

2-20 average. In
extreme winds up to
100

10-50 average. Hi gher
under extreme condi-

tions (e.g., snog)
Nitrate (NOE) Over land [-5
Hydr ogeni ons Overl and, near Avg. 5
i ndustrial areas
Sand/ Dust M ni ngoper at i ons. Overland. Deser
Desertwi nd st orms. areas.

&/ Ref erence 13.
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g. Structures

‘ (1) Effects of Structures. Structures such as buildings, metallic
fences, towers, etc., I1n the vicinity of an ARSR-beacon site can result in
"unsatisfactory radar/beaconcoveragebyvirtue of the reflections they produce
This situation is nost serious with respect to beacon operation where such
reflections cause the radar beacon reply froman aircraft to appear at false
azimuth and range positions (see paragraph 23.b.(4)). In the case of the
ARSR, simlar type false targets are possible in theory. However, because
of the two-way propagation path involved, ARSR false targets of this type are
not considered a significant problem Thenoreinportant effect of structures
upon ARSR performance are the permanent echo returns they produce. This,
however, is a potential problemfor very large structures |ocated wthin 2000
feet of the radar because of the recoverytime |inmtations of the ARSR.,
Such radar returns are generally considered as falling within the genera
clutter environnent of the radar (see paragraph 39.c) and may be treated as
such in selecting the ARSR beacon site. Hence,froma siting standpoint, the
more significant concern with structures within the immediate site vicinity
(i.e., less than 2000 feet)is their effect in producing beacon fal se targets.

(2) Fences. Among the nost promnent sources of beaconfal se targets
are chain-link fences. Reflections fromsuch fences can cause beacon fal se
targets over a large azinmuth sector due to the variable angle of reflection
that devel ops as the beacon interrogator beam sweeps al ong the fence. Fences
as far as six mles fromthe transmtter site have been found to cause false
target replies. The nonograph of figures 3-43a and b nmay be used to predict
the range extent of beacon false targets for a given fence within view of the
ARSR/ beacon site. If a site cannot be located which is free of possiblefalse
target reflections due to fences, consideration should be given to a site
which is directly adjacent to the fence, thereby greatly reducing the effec-
tive reflecting area. Qher alternatives, such as substituting wood fencing
or tilting the fence to produce Brewster angle reflections should also be
consi der ed

(3) Buildings. Large buildings within the vicinity of a site can
produce beacon false targets and/or permanent radar echoesat the ARSR display
depending on their size,-distance,and orientation relative to the direction
of illumnation, surface roughness, and material. Buildings with metal frane-
work or metal siding or roofing are especially troubl esoneand should be avoi ded
in the siting of the ATCRBS antennas. The site should be free fromsuch re-
flectors out to aminimum of 2000 feet fromthe antenna, preferably to a distance
of one mle. \Were no site is available with sufficient separation from near-
by buildings to reduce the occurrence of false target reflections, an attenpt
shoul d be made to locate a site for which the radar energy angle of incidence
upon the reflector is as small as possible, thereby mnimzing the effective
reflecting area. Oher alternatives include shielddfencing or architectura
treatment of the buildings for mnimm reflections

(4) Towers and Backup Facilities. Towers wthinthe immediate vicin-
ity of the ARSR/ATCRBS site to support RML transnmitters or backupradar/beacon
systems, in all likelihood, will produce beacon false targets, and/or beacon
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splitting. Beacon false targets are frequently produced by reflections from
the steel framework of towers. In the case of backup radar/beacon facilities
| ocated nearby, the antenna of the backup system presents an excellent re-
flecting surface for beacon false target replies to the primary system Fur-
thermore, any slightly different rotation rate of an operative backup dish
relative to the primary systemrotation can cause false target replies from
alnost all azinuths about the site. Towers erected near the ATCRBS site are
al so believed to produce splitting of beacon replies, and hence the reporting
of false targets on automated display equiprment. Studies of this phenomenon
(references 13 and 14) have indicated that no radar/beacon site should be
established within 1200 feet of RML or other towers, in order to mnimze
beam split effects

(5) Siting GQuidelines with Respect to Structures.

(a) Clear Area. In the selection of a site for an ARSR/ ATCRBS
instal lation, the area should be free from potential reflectorsoutto a mni-
mum of 2000 feet fromthe antenna, preferablyto onemile. Potential reflectors
such as metal buildings (metaframe, siding, or such as netal buildings
(nmetal frane, siding, or roofing), chain link fences, metal towers, etc.
that are not renoved should be either shielded fromdirect illumnation by
the radar beacon or nodified to minimze their effects. Exact predictions as
to the severity of reflections fromparticular structure(s) are not possible
since few reflecting surfaces are ideal lossless flat-plate surfaces, and the
amount of reflection varies fromobject to object. Wrst-case estimtes can
be made, however, with the aid of figures 3-43a and b. In so doing, consid-
eration should al so be given to second-bounce reflection paths.

(b) Modification of Reflector. Tilting of a reflecting fence,
or other flat reflectors, canbe aneffectivemeansof reducingthe intensity of
reflected signals and, therefore, of elimnating false beacon replies. Appli-
cation of a smoothly curved surface over a flat reflector results in divergent
scattering and, therefore, elimnation of false beacon'replies

(c) Placenment of False Target Returns. Wen screeningor other
techniques are not practical means of reducing false targets, an attenpt should
be made to |ocate the site in such a manner that the resulting false targets
will fall in the least critical coverage area

(d) Additional Cuidance. For nore detailed discussions of
siting guidelines, reference 8 should be consulted

h. Interference to ARSR/ ATCRBS.

(1) General. The problenms of mutual interference which mght exist
bet ween an ARSR/ ATCRBS facility and-various other types of electronic equip-
ment operating in the general area of the proposed siteshould notbe overl ooked
when considering a particular site location. Data should be gathered regard-
ing the location and types of nearby radiation sources. |f considered neces-
sary, an evaluation can then be made to determne the extent of interference
prevailing. This may influence the selection of a site |ocation
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(2) Potential Interfering Transmitters. Commercial installations
that may cause iInterference Include television stations, fm broadcast stations,
and mcrowave links. The latter are frequently used by railroads, and by
pipeline, power, and utility conpanies. A conplete listing of all commercial,
as well as FAA installations and their operating frequencies, nay be obtained
fromthe nearest regional office of the Federal Communications Commission (FCC).
In addition to these sources, arc-welding equi pnent and inproperly grounded
or shielded industrial and/or diathermy equipment operated by industrial con-
cerns or by local nedical facilities will frequently radiate sufficient rf
energy to cause objectionable interference

(3) Effects of Nearby Conductors. The proximty of the ARSR/ATCRBS
site to electrical power installationsof all types shoul dalso beinvestigated
as a likely source of interference. The presence of nearby power |ines
t el ephone and telegraph lines, electric fences, electric railways, and the
like may represent sources which conduct and reradiate rf interference that
has been transnmitted to the lines froma noise source by direct radiation
conduction, or induction. Strong interference |levels may thus be conducted
over long distances by power or telephone and telegraph lines which, in turn
may radi ate throughout their entire length. For this reason, isolation,noise
suppression, or attenuation by neans of natural or fabricated shielding nust
be consi dered where such conditions are likely to exist.

(4) Meteorological Effects. Interference due to meteorol ogica
di sturbances may include heavy rain, snow storns,'deep snow on the ground,
thunderstorns, etc. From a siting standpoint, very little can be done about
such sources of interference. However, information regardi ngweather conditions
at the site should be obtained so as to recognize the conditions and limta-
tions inposed on ARSR/ATCRBS operation at a specific site.

i. ARSR/ATCRBS Cenerated I nterference.

(1) To_Mcrowave Conmunications. ARSR and ATCRBS outputs generally
have sone degree of harnonic and spurious signal output. The FAA has agreed
to take steps to minimze these unwanted portions of the output, and also to
cooperate w th nicrowave comon carrier conpanies in an effort to reduce
interference in the siting of radar/beacon systems. Interference has been
experienced in a comrercial mcrowave link that was traced toan enroute radar
70 miles away. The ARSR/ ATCRBS should be sited at |east 10 degrees off the
mcrowave path, and shielding of the radar or link using existing obstructions
or obstacles should be attenpted.

(2) To Television Receivers. The spuriousoutput fromthe ARSR/ATCRBS
may cause interference to television reception in the inmediate vicinity of
the site. Although a built-up area is generally an excellent site to break
up lobing of the ARSR/ATCRBS radiation patterns, residential and other areas
where there are likely to be many tv'receivers should be avoided if possible.
If radar sites are established near residential areas, every consideration
and effort should be nmade to mninize if not elimnate interference to the
tv receivers in the vicinity.
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(3) To Personnel. Powerdensities inexcess of the generallyaccepted
radi ation hazards criterion can be exceeded out to 375 feet from the ARSR-3
antenna in the direction of the main beam This |evel would not be exceeded
at ground level with the lower 3 dB point of the main beamat 0 degree elevation
due to mninum 37-foot AG. position and the sharp fall-off of the gain bel ow
the beam However, consideration nmust be given in site layout to preclude
i Ilumnation by the main beam of personnel within 375 feet of the antenna.

This coul d be caused by lowering the beam angle or having occupied areas
within 375 feet at a height high enough (37-foot AGL) t0 be in the main beam

SECTION 5.  SITE REQUI REMENTS/ LI M TATI ONS

41, I NTRODUCTION. A basic prerequisite prior toconsideration of any property
for use as an ARSR/ ATCRBS site is that the land is available and can be ac-
quired through purchase or long-termlease. In addition, the land or parcel
of property must be adequateto theextent that the construction, installation,
and operational requirenents of the ARSR/ ATCRBS facility can be nmet with
reasonabl e cost and w thout undue environmental inpact.

42.  ENVI RONVENTAL | MPACT ASSESSMENT.  Any |ocation considered for an enroute
radar site must receive a careful assessnent of the overall environnental im
pact which will be produced by establishnent and operation of an ARSR/ ATCBI site
at the location. This assessnent is to be carried out in accordance with the
| atest edition of Order 1050.1, Policies and Procedures for Considering Environ-

mental Inpacts

43. COVPONENTS OF AVERAGE FACILITY. A site would be considered adequate and
reasonable in cost if the construction, installation, and |ogistics requirenments
approxi mate those of an average ARSR/ATCRBS facility. The principal conponents
of an average facility are

a. Aplot of land (mnimum 300 feet x 300 feet including a 6-foot chain-
link security fence surrounding the portion on which the building, tower, and
equi pnent are installed

h. Easements to preclude constructionof anystructurewhi chwould project
above a level 25 feet below the antenna platformlevel or which would be built
of reflective materials within a one-half mle radius of the site property.

Exi sting or planned easenents affecting this clearance zone must be exan ned
and their inpact on site costs evaluated

c. An access road not nore than 1/4 mle |ong.

d. A standard transmtter/receiver building including air conditioning
and engine generator units

e. ARSR/ ATCRBS antenna on an antenna tower 25 to 75 feet high
f. A standard transforner substation

g. Uility lines (power, water, telephone) or installations no nore than
1/4 nile long.
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44, LAND ACQUI SI TI ON.

a. Procedures. The process of |land acquisition nust be acconplished by
the cognizant FAA offices. Once theparticul ar parcel of land has been sel ect ed
as an acceptable site location, action should be taken by these offices to-
gether with nenbers of the siting teamto

(1) Reaffirmthat the land is available and that no municipal or
| ocal government restrictions, zoning laws, or other |egal restrictions exist
on the property that would prohibit its use as an ARSR/ATCRBS site.

(2) File Environmental Inpact Statenent and obtain DOT approval or
Finding of No Significant Inpact (FONSI) before proceeding with acquisition.

(3) Provide or secure conpetent |legal representation with respect
to the legal aspects of property surveys, buying or leasing of |and, and ease-
ments for access roads and utilities

(4) Obtain permssion for right of entry to private lands by survey
personnel, and arrange for reasonabl e conpensation to property owners'for dam
age to property resulting from survey operations

(5) Secure deed descriptions and copies of filed plans or naps
covering the property and initiate title searches to determne the validity
of title or easements

(6) Provide or secure the services of personnel |icensed to prac-
tice land surveys in the territory of jurisdiction

(7) Review environmental inpact factors.

h. Confidential Information. Throughout the period of siting investi-
gations and negotiations, and until such tinme as a real estate directive s
I ssued for procurement of land, all negotiations with the owner and/or agent
must be handl ed by the proper authorities of FAA and all information nust
remain confidential to prevent the possible increase of property acquisition
costs.

45,  ACCESS ROAD. In order to satisfy coverage requirements, ARSR/ATCRBS
sites will often be located in outlying or rural areas. Were existing roads
provide all or part of the access necessary to the proposed site, a survey
should be made to determne their adequacy for thevehicular traffic expected

to utilize such roadways. Sone of the inportant factors to be considered in
the evaluation of existing access roads are (a) maximumload |imt of roads,
bridges, culverts, etc., (b) maxinum clearance height of underpasses, (c) max-
i mum grade, road, and shoul der width and m nimumturn radius of road, (d) road
surfaces-- weat her and seasonal considerations, (e)volune and classof traffic
handl ed, and (f) adequacy of and responsibility for road maintenance (includ-
ing snow renmoval. Useful data of this type can often be obtained by contact-
ing state, county, or |ocal highway department officials or,in the case of
airport roads, cognizant airport officials.
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46.  ROAD CONSTRUCTI ON

a. Determination of Requirements. |tcanbeexpected that an ARSR/ATCRBS
facility will often need to be located at a site renmote from existing roadways.
Wien the construction of a new access road is required, a study of the con-
struction cost, annual maintenance, traffic handling capacity, and the sal vage
value at time of replacenment nmust be considered in determining the relative
economc nerit of different surfaces for a given geographic area. |t should
be remenbered that no FAA inprovenents can be made to roads on which the FAA
does not have a |ease, easement, or sinmlar legal arrangement. Some of the
inportant factors to be considered when new construction is required are as
fol | ows:

(1) The length of road required fromthe point of entry to the site.

(2) The climatic and geol ogical variables having an effect on snow
depth, rain, frost heavings, |oad bearing capacity, and sub-grade soil

(3) The requirements for grading and filling.
(4) Need for the construction of bridges, culverts, etc.
(5) Availability of |abor and materials locally.

h. Design Standards. The detailed design standard for new road construc-
tion will vary because of the diversity of available materials, and various

climtes and geographic locations. In the reconstruction of eX|sting roads
it is often econonmi cal and advantageous to utilize the existing roadbed as a
base for the new construction. In this manner, advantage can be takennot only

of the old paving materials, but also of the conpaction afforded by previous
traffic |oadings.

47.  CLEARI NG GRADI NG/ LANDSCAPI NG, The need for clearing, grading, and/or

| andscaping of the site property represents an additional cost above those
nonminally required for an average site facility. Cearing costs would in-
clude the cost of such itens as the renmoval of trees, shrubbery, rocks, debris,
etc. Gading may sometinmes be necessary to inprove drainage on or about the
site, or to provide screening in a particular azinuth sector, The prevention
of soil erosion about the site, esthetics froma public relations viewpoint,
reduction of reflection fromthe surrounding security fences, etc., all add
factors that could require special |andscaping of the site. This |andscaping
shoul d be in the formof sodding, planting of shrubbery, trees, etc.

48. SITE SECURITY. Consideration nust be given to the action necessary to
prevent intrusion,and toprotect theARSR/ ATCRBS installation from vandalism
or other damage. For the npst part, a 6-foot chain-link security fence is
adequate for these purposes. In general, all sites will require a fence and
addi tional anti-intrusion and protective devices provided as required.
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49. UTILITIES.

a. Electrical Power. The principalutility requirenent for an ARSR/ATCRBS
site is the need for three-phase 120/208-volt el ectrical power. Two indepen-
dent sources of such power are required to mninize the | oss of ARSR/ATCRBS
operation due to power failure. The primary source of electrical power shal
be from comercially available power within the vicinity of the site. In
cases where power lines are a great distance froma substation, problenms such
as brown-outs, loss ofa single phase, and transients can occur more often.
These probl ems can cause the. equi pnent to experience a failure rate that is
higher than normal. During the siting phase, the quality of conmercial power
should be evaluated for each site. |If power quality for a particular site is
viewed as a potential problem, t hen recomendati ons shoul d be made for a power
conditioning system The second source or standby power shall be provided by
an engine generator at the ARSR site.

b. Water and Sanitation. Water and sanitary facilities will usually be
required as most sites will not be close to existing FAA sanitary facilities.
A check should be made of the location of existing nunicipalwater andsanitary
sewer |ines and utilized if feasible; otherwise, a well and septic tank with
drain field will be established. Check |ocal ordinances to deternine design
requirements and with local well driller for probable depth of potable water.

supply.

50 REMOTE SITE LI M TATIONS. The long-term costs increase dramatically when
the site is located in an isolated location. Further, [ong outage tine can
occur because of increased travel tine of maintenance crews. These itens
shoul d be exam ned closely before a particular site is recomrended.
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CHAPTER 4. S| TI NG PROCEDURES
SECTION 1. | NTRODUCTI ON

51. MAJOR TASKS. The procedures to be used for site selection of en route
ARSR/ATCBI facilities are described in this chapter in terms of eight major
tasks as listed below. The tasks, shown diagrammatically in figure 4-1, are
to be undertaken with respect to the equi pments being sited in accordance
with the matrix shown in figure 4-2. The mgjor siting tasks are

a. Prelimnary Data Acquisition.

bh. Prelimnary Site Selection

c. Site Survey.

d. Site Performance Analysis.

e. Site Environmental Analysis.

f. Site Cost Analysis.

g. Preparation of Siting Report.

h. Final Site Selection.
52.  SPECIFIC ACTIVITIES. The specific work activities associated with each
of these major tasks are described in this chapter along with detailed dis-
cussion of the procedures recommended for carrying out the work. Each major
task area is covered in a separate section, with sanmple siting anal yses in-

cluded. For purposes of planning and scheduling the various siting activities,
a typical Siting Management Plan is shown in figure 4-3.

SECTION 2. PRELI M NARY DATA ACQUI SI TI ON

53.  GENERAL

a. Basic Data Sources. Following receipt of an assignment to establish
an ARSR/ATCBI site for a given geographical area, the first task will be to
acquire specific working data and information regarding the operations, cov-
erage requirenents, and constraints associated wth the areaof interest.
These data, which will be used throughout the various work phases of the siting
effort, should include as a mninum airspace coverage requirenents, applicable
maps and charts, and |ocal climatological data

b. Additional Data Sources. The latest edition of the follow ng docunents
and conputer prograns are al so considered part of the data base necessary for
siting operations, and shoul d be available for reference as needed.

(1) Oder OA P 8200.1, United States Standard Flight Inspection
Manual .
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FIGURE 4-1 MAJOR SITING TASKS
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FIGURE 4-2 SITING TASK MATRIX
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FIGURE 4-3 ARSR / ATCBI SITING MANAGEMENT PLAN
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(2) Federal Aviation Regulations, Vol. X, FAA Cctober 1969

(3) Map overlays show ng |ine-of-sight contour and contours show ng
target acquisition distance at specified altitudes for a designated radar
| ocation and antenna hei ght can be obtained fromthe El ectromagnetic Conpati -
bility Analysis Center (ECAC) by request through FAA headquarters, AES-500,
Spectrum Engi neering Mision, Systems Engineering Service

(4) Conputer Program for Radar/Communi cations Line-of-Sight
Cal cul ations (see appendix 3).

(5) Conputer Program for Radar Coverage Calculations (see appendix 3).
54. Al RSPACE COVERAGE REQUI REMENTS.

a. Requirements. Specific ARSR/ATCBI coverage requirenents for the
-area to be served are obtained fromthe cognizant regional Air Traffic (AT)
division and should include the following as a mni mum

(1) Area Positive Control. The volume of airspace about the radar
site for which area positive control is required should be clearly defined.
This is nost generally done by defining the range and altitude |evels which
bound the area positive control region

(2) Jet Routes. The jet routes or route segments for which cover-
age is required fromthe planned site should be identified.

(3) Airways. Airways or airway segments for which coverage is re-
quired fromthe planned .ite should be identified explicitly, usually by giving
the airway nunber and identifying the bounding end points. The required al-
titude coverage for each designated airway should al so be explicitly defined.

(4) Navaids. Al navigational aid sites for which coverage is re-
quired fromthe planned site should be explicitly identified together wth
the corresponding altitude coverage requirenents.

(5) Qther. Any other airspace region requiring special coverage
consi derationshoul dbesuitably identifiedboth as to areaextent andaltitude.

b. Approval /Coordination. Al dataidentifying coveragerequirenments for
the planned site shalT Dbeapproved andsi gned by an appropriate AT officer.
Usual ly this will be the Chief of the regional Air Traffic division, or his
designated representative. In addition, it is recomrended that full know edge
and concurrence with these coverage requirenents be obtained by AT fromthe
Chiefs of both the Airway Facilities and Flight Standards divisions.

55.  MAPS AND CHARTS

a. Basic Sources. Oncethe geographicalarea to be considered has been
est abl i shed, applicable maps and/or charts should be obtained for subsequent
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siting studies. Although all sources of pertinent map data should be investi-
gated, the following is considered the m ninum working set:

(1) Aeronautical Charts. EnRouteLow Altitude, En Route Hi gh Altitude,
World, and other avail abl e aeronautical charts shoul d be secured for the vicin-
ity of the proposed radar site. The designated charts provide invaluable
information for establishnent of radar coverage requirenents and capabilities.
Aeronautical charts may be obtained from

Distribution Division, C44
National Ocean Survey, NOAA
Riverdale, Mryland 20840.

(2) Mninum Enroute | FR Altitude (MEA)-Charts. MEA charts covering
the airspace of interest can be obtained fromthe regional Air Traffic Division
Chief. These charts should be reviewed with cognizant representatives to
confirm airspace coverage requirements.

(3) U.S. Geological Survey Maps. USGS quadrangle maps in various
scales, e.g., 1:24,000 (7% mnute), 1:62,500 (15 m nute), and 1:250,000 are
avail able and cover virtually all of the United States. These maps provide
i nportant topographical and cultural.information to aid in site selection.
USGS maps may be obtained fromthe U'S. GCeol ogical Survey, Washington D.C.
20242, and from comercial map agencies in various conmunities. \Wen nmaps
are obtained froma conmercial source the date of the survey should be noted,
since ol der maps may |ack certain details of inportance.

bh. Additional Sources.

(1) Topographic Maps. For certain areas, the Corps of Engineers
and/or U S. Air Force have made topographic maps containing details simlar
to U S Geological Survey quadrangle maps. Liaisonw ththe appropriate region-
al office of the U S. Air Force Installations Representative or the.District
Engi neer, Corps of Engineers, nmay produce additional maps of a particular
site area which are based on nmore recent surveys than USGS naps.

(2) Minicipal, County and State Mps. Minicipal, county and state
maps may be obtained fromthe civil offices of the respective divisions of
governnent. These maps may provide additional information regarding vehicul ar
traffic (highways, railroads, etc.) of significance, or industrial areas which
could give rise to a corrosive or rfi environnent.

(3) Suppl enental Maps/ Charts/Photographs. Mny other maps which
may provide inportant pre-siting information are available fromthe Super-
i ntendent of Docunments, U 'S. Government Printing Office. These nmaps are
listed in GPO price list PL-53 (Maps, Surveying, Engineering). Aerial photo-
graphs of the general area for site locations are also sonetines useful for
the location and general evaluation of candidate areas. Such photographs
can sonetimes be obtained fromlocal commercial enterprises or the U S.
Geol ogi cal  Survey.
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56. LOCAL CLI MATOLOG CAL DATA. Seasonal weather,climtological, and seismc
dataof possi bl esignificance toradar sitingnmay beobtained forthel ocalityof

t hepr oposedARSR/ATCBI installation. Thesedat aar epubl i shed as Annual Climato-
logical Summaries by the National Weather Service (NWS) f or eachl ocal ei nwhi cha
weat j erstationi smai ntai ned. The Annual Sur veynaybeobt ai ned front hel oca

NWS office or from: National Climatic Center, Federal Building, Asheville,
North Carolina 28801. The local Wather Service or Environnental Protection
Agency offices may, in sone areas, also be able to provide records regarding
the occurrence and altitude of tenperature inversions in the proposed site
area. This information may be significant in determning the seriousness and
frequency of radar coverage changes due to anomal ous propagation effects.

57. STANDARD DRAW NGS AND SPECI FI CATI ONS, AND WORKSHEET FORMS. Wrksheet forms
for site eval uati onar e shown in appendi x2. Reproducl bl ecopi es areincl uded in the
envel opei nsi de theback coveral ongwi thoverlay charts for evaluating fix cover-
age. Copies of standard FAAdrawings andspecifications applicableto thesiting
effort should al so be obtained for reference and future use. They include

site construction draw ngs (D-5981-J-00 to D-5981-J-19 for ARSR-3); site con-
struction Specification (FAA-C-2673 for ARSR-3); access roadway specification
drawi ng (D-5980-1,2); 4/3 earth radius coverage chart (e.g., FAA Draw ng
C6202); pol ar coverage chart (e.g., FAA Draw ng E6201.).

SECTION 3.  PRELIM NARY SITE SELECTI ON

58. | NTRODUCTI ON

a. CGeneral. The prelimnary selection of candidate site locations is
essentially a real estate elinmination process that takes into account as many
of the factors described in chapter 3 as is practical wthout the benefit of
preci se survey data. The objective of this process is to converge. to a snal
nunber (two or three) of potential site locations which represent the best of
all factors considered

b. Basic Steps. The prelimnarysite selectionproceduresnakeuse of maps
of the typesdescribed insection 2above. Theseare assunedto beonhand. The sev-
eral Prelimnary Site Selection activities are described in detail in the
fol l owing paragraphs. They include, as basic conponents, determnation of
site area boundaries, prelinmnary site inspection, prelimnary site analysis,
and sel ection of sites for survey.

59. DETERM NE SI TI NG _AREA BOUNDARI ES.

a. Coverage Area Boundaries. The boundaries of the general area in
which a site maybe located shall be determned on the basis of the distribut-
tion of fixes and air routes whose coverage is required fromthe site, to-
gether with the range, altitude, and cone-of-silence linmtations of the ARSR
(ATCBI coverage is not considered as the limting factor in this investigation).
If coverage 'requirenments are alternatively defined in terms of a volume of
airspace, the siting engineer will select a set of critical points whose
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coverage Wi ll insure radar coverage of the required airspace volume. Once
these critical coverage points are defined, subsequent analyses proceed
treating the points in the sanme manner as navigational fixes.

b. Range Coverage Limtations. The objective of this investigation is
to determne the permssible land area within the required coverage region on
which an ARSR can be located and still meet the range coverage linmitations
i nposed by specific aircraft when |ocated at each of the required navigationa
fixes or coverage points defining the coverage region. This investigation is
of particular value when the required fixes/critical coverage points are dis-
tributed over a wide volume of airspace (e.g., 65-150 nmi from the radar site)
and the detection of small aircraft (e.g., Cessna 180, Piper Comanche) is a
necessity. An outline of the procedures recomrended for conducting this in-
vestigation is given below as well as an illustrative exanple. For purposes
of this analysis, it is sufficient to assume that slant range to all fixes is
identical to the ground range to those fixes

(1) Fix Location. Locateand identifyallgivennavigational fixes
and/or critical coverage points on an appropriately sized quadrangle map or
aeronautical chart. World Aeronautical Charts (scaled 1:1,000,000) are
reconmended for this purpose, although 1:250,000 survey nmaps may be used. In
the latter case where fixes are specified relative to VORTAC or VOR | ocati ons,
it is suggested that each such location be found by triangulation taking
measurements fromthe aeronautical chart and transferring themto the quad-
rangl e map

(2) Construction. Using the |ocation of each fix as a center, draw
circles whose radii correspond to the maxi num detection range of the ARSR for
the smallest target size of interest. To obtain these maxi mum ranges, refer
to the ARSR vertical coverage charts (using a nom nal O-degreetilt angle)and
aircraft cross sections given in chapter 3 of this handbook. As a first approx-
imation, the.maxi num detection range selected fromthese coverage charts
shoul d represent that range obtainable on the nose of the ARSR coverage
pattern. A technique for accounting for detection range variations as a
function of fix altitude is discussed subsequently.

(3) Area ldentification. ldentify and mark the area comon to al
circles. This area identifies the region containing ARSR sites which satisfy
the theoretical range coverage limtations of a given aircraft at each navi -
gational fix. The best ARSR site locations would be atthe centroid of this
area, all other factors being equal

(4) Illustration. To illustrate the above outlined procedures,
consider the distribution of navigational fixes marked A, B, . ..F. as shown
infigure 4-4. The grid reference point shown is arbitrary and is shown near
the centroid of the potential site area. If a 200 nm range capability is

assunmed for the ARSR (typical of coverage on the nose of ARSR-3 for snal
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aircraft of the T-33 class), the allowable area for site locations can be
determned by drawing 200 nm circles centered about each of the fixes. The
all owable siting area is that region conmmon to all circles drawn about the
fixes. The boundary of this area is shown as darkened arc lengths in the
center of the figure. The letter shown al ongside each arc segment identifies
the fix that establishes that segment of the boundary.

c. Altitude Coverage Limtations. The |and area defined in the above
analysis is based on the assunption that all fixes are illumnated by the
beam center or nose of the ARSR (| ower beam vertical radiation pattern. The
purpose of this investigation is to refine the boundaries of the allowable
siting land area by taking into account the fact that all fixes are not
iIllumnated by the nose of the radiation pattern

(1) Basic Technique and Assunptions. The techniques for carrying
out this investigation are essentially an extension of those outlined in
paragraph 59babove. The principal difference here is that the radii of the
circles drawn fromeach fix are reduced in direct proportion to the reduction
In range coverage that occurs at altitudes above or bel ow the nose of the
| ower beam ARSR vertical radiation pattern. To determne these range reduc-
tions, it is convenient to make the follow ng assunptions:

(a) Tower. The base of the antenna tower is assumed to be
| ocated at an nslelevation corresponding to the average msl el evation of
the ground surface of the land area defined in paragraph 59b.

(b) Antenna Height. The effective height of the antenna phase
center is initially assumed to be 37 feet above the antenna tower base; (i.e.
a tower height of 25 feet is assuned; ARSR-3 antenna phase center is 12 feet

above top of tower)

(c) Tilt. The vertical coverage pattern of interest is assumed
to be the free-space pattern obtained for a Odegree tilt angleof the
antenna | ower 3 dB point.

(d) Range. Optical and radarrange and LOS areassuned equi val ent

(e) Operational Linmtations. It is assumed that |obing, clutter
and/ or other operational limtations brought about by surface reflections or
screening may be neglected in this prelimnary investigation

(2) Procedure. The follow ng procedures should then be followed.
For ease of analysis, a worksheet simlar to that shown in figure 4-5 may be
used to record the derived values. For illustrative purposes sanple data from
reference 16, the siting report for the Beach North Dakota Long Range Radar is
entered on the work sheet. Subsequent sanple data entries for sanple cal cul a-
tions are also selected from the sane reference

(a) Average Site Elevation. From topographic maps, deternine
the average nsl elevation of the terrain within the boundaries of the genera
area established in paragraph 59b above
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FIGURE 4-5 WORKSHEET FOR PRELIMINARY
RADAR COVERAGE ESTIMATION
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MSL Elevation Of Antenno Center _2500

Antenna

Height—75'

Radar

6340.15

Type ARSR-3_
Aicraft Type T=33

Difference

Maximum

Fix MSL Altitude Between Fix | Coverage Ronge
Identification Of Fix & Antenna To Fix
(Feet) Altitude (From Coverage
(Feet) Diogram, nmi )
E
(BIS) VORTAC 10, 000 7,425 145
10 nm N BIS
WORTAC 12,000 10, 425 152
(DIK) VORTAC 6, 000 3,425 135
(GCW VORTAC 12,500 10, 925 154
(MLS) VORTAC 10, 000 7,425 145
(MJT)  VORTAC 12,000 10, 425 152
(ISN) VORTAC 12,500 10,925 154
OLF INTXN 12,500 10,925 154
FAA Form
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(b) Fix Altitudes. Subtract this average msl el evation plus
the assumed antenna height (75 feet) fromthe msl altitudes of each required ‘

fix.” Enter these values in the third colum of the worksheet of figure 4-5.

(c) Range Coverage. Determine the range coverage obtainable
for each of the required fixes as a function of their altitude above or bel ow
the nose of the ARSR radiation pattern. The procedure for determning this
range is illustrated in figure 4-6. In the figure, the ARSR-3 |ower beam
coverage contour for a small aircraft is shown. From thiscontour themaximm
range coverage at the nose of the pattern is 237 nm at an altitude of about
90,000 feet. This point is designated by the letter Ain the figure. For
fixes located above or below point A the range coverage capability wll be
reduced in proportion to the drop in antenna gain as we nove off the nose of
the pattern. This reduction is determned by |ocating the fix at point B as
shown in the figure, at an altitude, 10,425, corresponding to the altitude
difference conputed in (b) above for nmot Vortac. The intersection, C of the
constant altitude line through B with the pattern contour defines the range,
R (shown as 152 nmi in the figure) of interest. This range should be entered
in the last colum of the worksheet and the process repeated for each of the
specified navigational fixes.

(d) Area Adjustnent. Make the necessary revisions to the area
found in the investigations of paragraph 59b by drawing arcs about each fix
using radii corresponding to the adjusted range values found in (c) above.
Care shoul d be taken to consider all fixes in this investigation even though
they were not originally found to be critical in establishing the site area
boundaries. Some of these fixes could become inportant on the basis of the
altitude coverage considerations. .

d. Cone-of-Silence Limtations. Further refinement of the aboveanalysis
shoul d be made by taking into account the coverage limtations of the ARSR
due to its so-called cone-of-silence. To do this, it is reconmended that
the adjusted area deternined above be redrawn on an appropriately sized chart
which is marked to show those fixes, and airways which lie within the area
together with the corresponding altitudes for each. The real estate to be
avoi ded beneath fixes and airways is determned by an area swept out al ong
the ground surface by the base of a right circular cone as its apex travels
along all air routes traversing the region. The apex angle of the cone is
130 degrees and its height equals the AGL (above ground level) altitude of the
fix or point along the airway. The 130-degree apex angle assumes an R4STC
curve is to be used. Higher values of STC attenuation will require the use
of larger apex angles. An illustration of the results obtained using this
procedure is given in figure 4-7. Sinilar consideration for the airways
plotted on the polar coverage diagramin a subsequent section shows no cone~of-
silence limtation to airways coverage

e. Summary. The area defined by the above procedure determnes the gen-
eral area in which the ARSR/ATCBI system nust be sited to provide effective
detection and tracking of aircraft over each fix and airway. Once determ ned,
the area should be carefully replotted on an appropriate topographic quadran-
gle map to aid in selection of candidate sites. Generally, the area found
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will be sufficiently large to contain nmany site possibilities. However

if the area found using this procedure is unduly restrictive, leaving little

or no choice for site location, discussions with AT personnel are advised to

consi der whether any relaxation or nodification of the restrictive airway/fix
requirements are tolerable.

60. PRELI M NARY SITE INSPECTION. The objectives of this investigation and
inspection are to locate and identify available siting property within the
general land areas established in the previous determnation, and to select
fromthese properties a small set of preferred site l|ocations for in-depth
survey and analysis. The prelimnary investigation will include map studies,
visits, and some analysis to ascertain the availability and suitability of
the particular properties as site locations, taking into account the nmany
criteria for good siting

a. General Considerations.

(1) Land Availability. An inportant concern in |ocating potentia
enroute radar sites 1s to find property that is available through purchase or
long-term | ease. This property should be at an el evation which overlooks the
surrounding terrain such that it can provide the desired coverage and is nore
or less isolated from above-ground obstructions which may interfere or cause
reflections in radar/beacon operation

(2) Initial Selection. State, county, nunicipal andot hertopographic
maps, together wth aerial photographs and/or inspection where appropriate,
shoul d be used to identify and locate the suitable property. Wthinthelimts
of these data, studies should concentrate on properties which neet the follow
ing criteria

(a) Thoroughfares. The property should not overlook any size-
abl e nunber of busy thoroughfares (e.g., highways, expressways,railways, etc.).

(b) Structures. The property should not be located in an area
zoned for commercial buildings or high-rise apartnents.

(c) Area Developrment. The property should not be |ocatedinan
area where expected future devel opnent coul d either degrade radar perfornmance
or require radar relocation due to environnental factors.

(d) Interference. The property should not be |ocated closer
than 2,500 feet fromany local broadcast radio/television stations, or any
industrial facility. Further, the site shall not be |ess than one-half mle
from Weat her Service radars and radi osonde equi pnent. Violationrofthelatter
criteria requires a Washington waiver,

(e) Access Facilities. Effort shoul dbemadeto selectproperties
for which road access and utility service are either already available orcan
be made avail able without major cost.
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(f) Environnmental. Every effort should be made to avoid selec-
tion of any property which includes wetlands, endangered species (flora or
fauna), or other features which require special environmental protection
Environmental considerations will be weighed as heavily as coverage in fina
site decisions.

b. Prelimnary Site Inspection. Having established the necessary |ega
perm ssion, visits to each of the candidate site |ocations should be made and
di scussions with local government or business officials should be held as
necessary to obtain the following information: A formsuch as the checklist
shown in figure 4-8 may be used to record the data obtained

(1) Screening Characteristics. Visual inspection of the environ-
ment and terrain surroundi ngthe propertyusing handl evel andnagnetic conpass
shoul d be made to ascertain the quality and extent of screening objects(i.e.
hills, buildings, tree growth, horizon, etc.) should be identified over the
entire 360 azinuth sector. Estimates of the range and heights of the screen
objects relative to the property elevation should also be made.  Snapshot
phot ographs may serve as a helpful aid in recording/docunenting many of these
features for future reference

(2) False Target Sources. Potential sources of beacon reflections
such as fences, netal structures,towers, etc. within 1 nm of the property
should be identified. The size and/or extent of these reflecting surfaces
shoul d be obtained along with an estimateof their range fromthe site.

(3) Terrain Features. Terrain characteristics should be documented
by noting soil type, surface roughness, hilly areas, bodies of water, swanps,
farm and, forests, urban areas, nountains, etc., on or near the propertyunder
consideration. On the basis of this data, a qualitative estimate of the ex-
tent and/or severity of the radar clutter to be expected should be attenpted
along with the identification of |and sectors which may support |obing.

(4) Environnental Features. Environmentally noteworthy features
such as historical sites, antiquities, wetlands, endangered species, parks,
recreational areas, etc., should be noted for later use in preparing the
required environnmental assessnents.

(5) Accessibility. The existence of or need for roads to gai naccess
to the property should be determined. Where road construction or inprovenent
i s necessary, estimates delineating the extent and type of construction or
I nprovenment shall be nade

(6) Electrical Power. Nearby access to three-phase electrical power
shoul d be established. Estimate the nature and extent of the construction or
instal lations necessary to provide power at the site. ldentify the power
conpany having the franchise for the area
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. Figure 4-8.

PRELIMINARY SITE INSPECTION CHECKLIST

SITE INSPECTED : PAGE | OF 2

DATE : PERSONNEL :

SITE ACCESSIBILITY : (note roads or improvements regq’d, with est. of cost )

DAtALINE/ RML REQUIREMENTS : ( availability of commercial telephone data service and
suppliers ; = as applicable)

ELECTRICAL POWER PROVISIONS : ( avail. of commli. pwr. and loe.of nearest access pt.)

‘ SANITATION : { note any sewer, water connections req’d. ; est. cost )

TERRAIN TYPE : { note gen. echar. of terrain near site )

DRAINAGE : ( note any special grading/leveling req’ts.; est cost )

ENVIRONMENT : (note nearby natural or other sources of harmful radiation, shock ,
vibration , corrosive atmospheres, recreational or histeric site,
environmentally sensitive areas, ® tc )
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Figure 4-8. (continued )

SITE INSPECTED l PAGE 2 OF 2

%SURFACE TRAFFIC : { est. length, dir. , dist. of visible roadways & R.R. lines )

SCREENING CHARACTERISTICS : ( est. range, ht. of close - in and distant screening

objects for oil azimuths )

AREA DEVELOPMENTS : (est. nature , extent of future deveiopement in the site area )

CLUTTER / LOBING ASSESSMENT ; (est. severity of clutter in unscreened areas , note
regions of poss. iobing )

REFLECTORS : ( note size, range of potentially harmful reflectors )
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(7) Data Line/RML Requirenents. The requirenents for |eased comu-
nications utility service to connect the potential site to its ARTCC's shoul d
be established. Identify the utility conpanies capable of providing the re-
quired service and note the approximte new cable requirenents. For sites
where an RML installation is indicated, estinmate the los di stance between the
radar and indicator sites

(8) Nearby Processing/Mning Industries. Chem cal, sewagetreat nent,
mning or quarry operations |ocated near or within the vicinity of the candi-
date site should be identified. Investigations should then be carried out to
determne if any corrosive discharges, dust, chemcal pollutants, shock or
vibrations produced by these individual operations are serious enoughto cause
mechani cal or electrical failures in an ARSR/ ATCBI system

(9) Surface Traffic. Estimates of the length and direction of high-
ways, expressways, railways, or roads that are visible fromthe propertyshoul d
be noted

(10) Drainage. The soilconditions, relief,and gradi ngof the property
terrain shoul d be assessed froma drainage standpoint. Special note should be
made of any leveling or grading necessary to inprovedrainage of the property.

(11) Sanitation. The location of a well and septic tank and drai nage
field should be determned and recorded

(12) Area Development. Plans for |ocal area devel opment, area zoning
and community growth patterns, as related to the candidate sites, should be
determ ned fromlocal officials.

61. PRELIM NARY SITE ANALYSI S

a. Ceneral. A prelimnary analysis is carriedout todetermne a snal
number of promsing candidate site locations which will later receivein-depth
survey and investigation. Since the data available for the prelimnary anal-
ysis is only sem-quantitative at best, it should be recognized that absolute
or precise results are not obtainable at this stage. Hence, in the procedure
suggested below, the effort expended should reflect the need for relative
conparisons rather than an el aborate or |aborious prelimnary assessment of
the candidate sites

b. Analysis. The anal yses necessary to support prelimnary site selec-
tion include but are not limted to: a determnation of approximte coverage
whi ch can be achieved froma candidate site,and anesti mate of any extraordinary
installation, operational and/or naintenance costs required for each candidate.
The anal yses are described bel ow.

(1) LOS Visibility. The purpose of this analysis is to estimte the
los visibility of each of the required navigational fixes fromeach site under
consideration, and to tentatively determ ne the antenna height required for
full coverage. The principal factors to be considered in this analysis are
the screening objects (close-in and distant) surrounding the candidate site.
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obtai ned from ECAC through the Systems Engineering Service, Spectrum Engi neering
Division, AES-500. Plots show ng coverage contours for specified altitudes

can be prepared for each site and proposed antenna height. These coverage

plots can be supplenented with topographical maps and the screening data

recorded during preliminary inspections as needed. Antenna heights necessary

to obtain los visibility to each fix should be recorded.

Cover agepl ot smachi negener at ed froman automateddigital terraindata fil ecanbe

(2) Cost Estimates. In addition to the anticipated cost for acqui-
sition or lease of the property, cost estimatesrelating to extraordinary site
i mprovements, system operations, and life cycle maintenance requirementsshoul d
be made and tabulated for each site. Anong the itens which should receive
special consideration are

(a) Extensive and/or unusual road construction or inprovenents.

(b) Special installations to provide sanitary, water, and
el ectrical power.

(c) Requirenments for |easedcommunications servicesand/or renoting
(d) Unusual grading, |andscapingor other property inprovenents.
(e) Tree renoval or naintenance

(f) Al weather access for mintenance.

(g) Travel tine and expense for naintenance.

course problens associated with each of the candidate site locations shoul d
be determned. This can be done by marking all primry and secondary flight
paths in the controlled airspace on a scaled map or los chart, and identify-
ing the portions of any flight paths which are tangent or nearly tangent to
circles about the site in question

(3) Tangential Course Situations. The location of all tangenti al I

(4) Area Gowh Study. A study should be conducted, estimating the
nature and extent of local area devel opnment anticipated in the vicinity of
each candi date-site location for a period of ten years.

62. SELECTION OF SITES FOR SURVEY. The set of sites selected for in-depth
survey should represent the nost prom sing anong those candidate sites inves-
tigated. To provide some assistance in naking these choices, the follow ng
gui delines are submtted to facilitate trade-offs, conparison, and conprom se
among the various factors considered

a.  Coverage. Maxinmum preference is given to those sites having the
best potential for neeting the radar coverage requirenments. This potentia
shoul d be eval uated by conparing or assessing the followi ng factors for each
candi date site with respect to coverage requirenents.

(1) Range Coverage. For the smallest aircraft of interest, specify/
describe the extent to which an ARSR at the site is not expected to meet basic
range coverage requirenents
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(2) LOS Visibility. Determne the nunber of fixes which are not
visible fromeach site due to screening obstructions.

(3) False Targets. The nunber of potential false target reflecting
surfaces surrounding each site should be determned and the extent of possible
beacon false target replies should be estinated.

(4) Lobing. The azinuth sector(s) in which ARSR/ATCBI | obing may
occur should be estinmated and related to possible coverage problens,

(5) Clutter. The azinuth and range extent of expected clutter
shoul d be estimated and related to radar coverage,

(6) Surface Traffic, The extent of surface vehicular traffic
visible to the ARSR/ ATCBI |ocation should be determ ned and the potentia
for producing unwanted radar targets assessed.

(7) Cone-of-Silence. Al airways passing through and navigationa
fixes within the ARSR/ATCBI cone-of-silence should be identified for each
site location

(8) Tangential Course Problens. The locations of tangential course
probl ens associated with each site should be identified with respect to the
basi ¢ radar coverage requirements.

h. Interference. Sites should not be I|ocated near industrial opera-
tions whereby the ARSR/ATCBI system may be exposed to corrosive discharges,
electrical interference, shock and/or excessive vibrations.

c. Site Surroundings. Sites surrounded by undevel oped and/or natura
areas are preferred over those in heavily congested urban areas, business
districts, etc. This preference, however, is predicated on the know edge
that no plans for future devel opment exist in the undevel oped areas. Site
areas where anticipated comunity growth may cause radar performance probl ens
or may cause the radar site itself to becone controversial on environnenta
grounds, should be avoided

d. Cose-In Screening. Site |ocations which provide a good deal of low-
angle, close-in natural screening against clutter, |obing, and false target
sources are desirable.

e. Required Inprovenents. Sites which require excessive inprovenents
for the purpose of screening, utility service installation, and access, drain-
age, Weather protection, tree renoval, etc., should be avoided if at all pos-
sible due to the high cost associated with these inprovenents.

f. Maintenance. Sites requiring extensive annual naintenance such as
grading, drainage, road repairs, trinmng of trees, etc., should be avoi ded
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SECTION 4. SITE SURVEY

63. 1 NTRODUCTI ON

a. Ceneral. The data and information to be obtained during the in-depth
survey of each site may be separated into three principal categories:
(1) communications-el ectronics, (2) environmental, and (3) engineering and
construction

b.  Communi cations-El ectronics Data. The conmmunications-el ectronics
data relates prinmarily to the location of the ARSR/ATCBI antenna and to the
environmental factors that affect the performance of the radar/beacon system
These include the effective height of the antennas,. screening angles about the
site, earth surface characteristics related to radar propagation, and mannade
reflecting objects or surfaces near the site. Secondary conmmunications-elec-
tronics data also relates to the location, orientation and space requirenents
for all RML antenna towers or landline facilities required for communication
between the ARSR/ATCBI site and the ARTCC indicator site(s).

c. Environnental Data, Environmental data to be collected during the in-

depth site survey includes information on the inpact on air and water quality,
noise, radio interference and radhaz, as well as recreational areas, historic

sites, antiquities, wetlands, endangered species, and econonic inpact.

d. Engineering-Construction Data. The engineering and construction data
that will be obtained relate to making the site operational, This includes
surveys and investigations to determne the requirenents for water, electrica
power, sanitation, road access, grading, drainage, |andscaping and other spe-
cial features.

e. Site Survey. The above factors were all considered in a qualitative
and/ or sem -quantitative manner during prelimnary investigations ained at-
identifying a small nunber of potentially acceptable sites. The candidate
sites chosen by that process nmust then be studied in considerably greater
detail/accuracy to provide the quantitative information necessary to support
selection of a single optinum site. The sitesurvey discussedhere isconducted
to provide data for these detailed studies and analyses. The tasks and pro-
cedures recomrended for the site survey are given bel ow.

64. PRB-SURVEY COORDI NATION. After thesites coO besurveyed have been sel ect ed,
a field siting teamconsisting of at |east one radar/electrical engineer, a
civil engineer and one technician should be designated to coordinate and carry
out the survey effort, One of the first responsibilities of the engineers
will be to contact and/or convene the necessary conferences and nmeetings with
cogni zant individual s/representatives/agencies to expedite the follow ng:

a. Review prelimnary investigations and confirmresults obtained for
each of the sites selected for in-depth survey.
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bh. Select heights above ground |evel (agl) at which the detailed survey
. shall be made for each site.
c. Establish the order in which the site will be surveyed

d. Set a date and tentative tinme schedule for conducting the survey at
each site.

e. Obtain the necessary |egal approval sto conduct the surveyat eachsite.
f.  Review, assign and schedule all tasks to be perforned at each site.

g. Schedule and nake arrangenents for the transportation of personnel
and equi pnent to the various site |ocations.

65. EQU PMENT NEEDS. The following items represent typical technical equip-
ments which are recommended to acconplish the site survey:

a. Adjustable scaffolding to provide a surveying platform at the height
| evel s (spaced 12% feet apart) of interest at each of the sites.

b. Surveyor's Transit capable of one minute resolution or better.

c. Stadia rods, level, and surveyor's tape.

d. 35mm (or larger) reflex canera with lens of 85 to 90 nm m ni nunfocal
| ength and special lens reticle to produce calibrated azinuth and el evation
scales (in degrees) on each photograph,

e. Camera nounting assenbly to hold and align canera with transit
vertical and horizontal reference planes.

f.  Photographic film exposure nmeter, cable release, and lens filters.
g. 6x to 8x binoculars with a 35 nmto 56 nm objective |ens.

h. Abney Hand Level.

i. Pocket Transit.

j. Tapes, 5 feet and 100 feet.

k. Drafting equipment.

1. 10-inchprotractor.

m Triangl es.

n. 24-inch straight edge.

0. Data sheets, worksheets, |ogbooks, etc.
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66. SCAFFOLD ASSEMBLY

a. Scaffold Assembly. It will be necessaryto erecta scaffold assenbly
at each of the sites under investigation to provide a surveying platform at
the antenna height of interest. Since the antenna height selected in previous
studies is based on prelimnary studies only, it is advised, although not al-
ways necessary, that the survey be made at three levels, corresponding to
(1) the nominal height selected, and (2) + 12! feet above and bel ow this
height. This will require that the scaffolding be adjustable. In erecting
this scaffolding, special precautions should be taken to assure adequate foot-
ing and guy wire supports for stability and personnel safety. The scaffolding
tower should be guyed at all corners and every30 feet or less. It is inportant
that the platformdeck be firmand rigid to elimnate unwanted instrunent
novement .

b. Aternative. An alternative to the use of scaffolding is the crane-
mounted bucket or Cherry Picker. Wen this is a feasible alternative, it
is generally |ess expensive and time consuming than the use of scaffolding
Guy wires are still required for stability.

67. SCREENI NG PROFI LE MEASUREMENTS

a.  Purpose. The purpose of the screening profile neasurenent is to
col l ect precise screen angle data fromwhich line-of-sight (los) visibility
contour diagrams can be constructed. Data contained in the los diagramis
used to determine the los coverage capability that can be expected for the
ARSR/ Beacon system at the antenna height and sitelocation underconsideration

h. Basic Procedure. The screeningangl es arenmeasured usinga surveyor's
transit instrunment to determne the elevation angle of all screening objects
through 360 degrees in azinuth as viewed fromeach of the prospective antenna
hei ghts. These antenna hei ghts correspond to the height(s) selected on the
basis of prelimnary investigations. As many observations of the vertica
angles to the successive screening objects are taken as is necessaryto define
the 360 degree profile. \Were the profiie is highly irregular such as in moun-
tain regions, readings of the vertical angle should be made tosignificant
points on the skyline or close-in profiie; that is, to successive peaks and

val leys that describe the profile. Azimuth intervals will, therefore, vary but
shoul d not be made snaller than 1 degree except for cases of unusual or rare

profile irregularities. Vertical angies a“= and below the local horizonta
shoul d be read to the nearest (1.0 foot) minute or 0.02 degree.

c. Skyline/Cose-In Profiles. For the most part, the screening profile
of concern will be the skyline profile about the site location. However,
where an appreci abl e anount of navigabl e airspace exists beneath this skyline
los in the region between the site location and skyline object, it is required
that this airspace be accounted for by meking the appropriate survey. Thi s
condition, which is principally found in nountainous regions, is illustrated
in the exanples shown in figures 4-9 and 4-10. Figure 4-9 illustrates a
situation where a considerable sector of navigable airspace exists' between
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the two |ines-of-sight established by the close-in hill and distant nountain
skyline. The size of this sector is dependent on the distance between the
mountain and site location and the site location and the size of the line-of-
sight angle difference, (84~ 8.) shown in the figure. To determne the close-
in screen profile about the site location, it should be recognized in figure
4-9, that the close-in los passes over the intervening hills, building, or

ot her objects between the close-in screening objects and the distant nmountain

d. LowAngle Screening. Figure 4-10 illustrates a case where the low-
angl e screening profile may be somewhat nmore difficult to establish when
surveying. Here, no distinct and/or contiguous screening objects exist be-
tween the site location and the base or foothills of the mountain. Under these
circumstances, a virtual screening profile along the base of the mountain
shoul d be established by |owering the surveying instrument until visually
encountering any object between the site and mountain slope. The recorded
| ow-angl e los should pass over all intervening terrain,buildings, objects,etc.

68. SURVEY PROCEDURES.

a. Set-Up. Set up and level the transit at the |ocation and hei ght
selected for the antenna. Make the necessary calibrations/adjustments to
orient the transit with respect to magnetic north and correct for conpass
reading distortions caused by steel scaffolding. Select atruenorthreference
and record for future reference and data conversion. A stake or suitable
distant object will serve equally well. Set a marker at the center of the
tower for future reference. Number and mark each tripod | eg extension as
well as each tripod leg and plunb bob point on the deck. This wll permt
resetting the transit at the same |ocation and elevation with sufficient
accuracy to continue the horizon profile work, should an interruption occur

b. Initial Data Recording. Enter pertinent data identifying the site
by name, number or other designation, anddescribing thesite |ocation, ground
el evation, survey height, etc., on the Screen Angle Survey Data Sheet (figure
4-11). Care should be taken to include the height of the transit tripod as
well as that of the scaffold platformin determ nation of surveyheight.
Specify whether the data is for the close-in or skylineprofile and proceed
as in steps ¢ through g. Screen angle data derived fromreference 16 is en-
tered on the Screen Angle Survey Data Sheet as an exanple.

c. Instrument Alignment. Sight the instrument on the screening object,
using the vertical circle tangent screw for alignnent of the intersection of
the vertical and mddle horizontal crosshairs with the profile of the screen-
ing object,

d, Azinuth Angle Data. Enter the azimuth angle (to the nearest ninute)

of the screen object rn the azinuth colum marked TO and in the col um
marked FROM on the next line

e. \Vertical Angle Data. Enter the vertical angle(to thenearestninute)
in the optical screen angle colum. Care should be taken in reading the

vernier correctly for plus and mnus angles.
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Figure 4-11
SCREEN ANGLE SURVEY DATA SHEET

Site ldentification Beach N. Dak. Site "A’ Close -In /Low Angle Screen

Site Location Longimdow5 "W Skyline / Distant Screen
] 470 40" 42”7 N
Lotitude
Survey Elevation { AGL) 75" Recorder
Site Elevation (MSL)& Dot.
AZIMUTH AZIMUTH SCREEN | SCREEN DISTANCE{SCREEN | DESCRIPTION OF
{Mog. North) (True North) ANGLE | (Nouticol Miles ) | ANGLE SCREEN OBJECT
From To From To (Optical) |Estimoted | Measured | ( Rodor)
0 50 -0.3 37 -0.27 Distant Horizon
50 80 -0.15 26 -0.13 "
80 90 -0.4 30 -0.38 "
90 100 -0.2 24 -0.18 "
100 108 -0.3 30 -0.27 "
108 120 0.0 24 +0.02 !
120 124 -0.3 26 . -0.27 "
124 140 0.0 24 +0.02 !
140 169 -0.1 27 -0.08 !
169 | 176 |+0.2 18 4+0.22 Plateau
176 180 -0.2 28 -0.18 Distant Horizon
180 186 +0.2 20 +0.22 "
186 191 -0.3 31 -0.28 "
191 195 +0.3 18 H-0.32 "
195 295 -0.2 30 -0.18 "
295 | 320 -0.3 33 -0.28 '
320 330 -0.2 30 0,18 "
330 360 -0.3 36 -0.28 "

FAA Form 6310-S (12 -73)
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f. Screening Distance. Intheappropriate columsenter the estimted or
measured distance to the screening object and identify the screen object as
di stant horizon, buildings, nearby trees, etc. Distance estimtes can
be made by reference to known | andmarks or by study of accurate site vicinity
t opogr aphi cal naps.

g. Continuation. Repeat steps c¢,d, e, and f until data are obtained
through 360 degrees in azimuth. Frequent checks should be nade to see that
the instrument remains |evel as screening neasurements progress. Particular
attention should be given to the bubble whose axis is parallel to the axis
of the telescope, and any necessary readjustnents of the leveling screws
shoul d be made

69. PANOCRAM C PHOTOGRAPHS

a. Description. The panoramic photograph is intended to provide a
pictorial representation of the visible skyline as viewed fromthe radar site
and, also, to show the character of the surrounding terrain, buildings,fences,
etc., conprising the reflection surfaces for the ARSR/ATCBI. It al so serves
to suppl enent the measured screen angle data by enphasizing significant points
of nmerit when assessing and conparing the various site |ocations. The panoram-
i ¢ photograph may be used as a source of screening profile data in lieu of
the transit survey if the photographs can be read to conparabl e accuracy
(i.e., one mnute, or 0.02 degree).

b. Procedures. The process of obtaining .a panoramc view of .the site
surroundi ngs consists of successive takes of as many separate exposures as
are required to photograph the 360 degree azimuth about the site. It is
recommended that each photograph extend over a maxi mum of 40 degrees in
azimuth, requiring a total of nine or nore photographs to obtain the ful
360 degree panoranic. Panoramics should be taken at each of the antenna heights
from which the screen angle neasurenents were taken. The follow ng procedures
may be used as a guide in taking the panoram c photographs:

(1) Canera Preparation. Load thecamera. Bl ack-and-whiteor (prefer-
ably) daylight color print filmof fine grain, noderate speed (ASA 125 for
bl ack- and&white, ASA 64 for color) is reconrended.

(2) Canera Setup. Munt the camera on the tripod at the antenna
hei ght used in nmaking the screen angle measurements. Bring the camera to a
fine focus on the horizon using the focus adjust. Scan the camera 360 degrees
in azinuth to assure that the distant screening profile falls within the field
of view.

(3) Canera Filters. Select an appropriate filter to conpensate for
any haze, glare, shadow, or overcast conditions that may prevail

Chap 4
Par g8 Pagel89



6340. 15 5/31/83

(a) Black-and-Wite Photography. For black-and-white panchrom
atic film yellow (K2, No.8), deep yellow (G No.15) and red filters (A, No. 25)
gives progressively greater haze penetration in that order. |n addition,these
filters provide progressively sharper contrast between clouds and the sky,
buildings and the foliage, etc

(b) Color Photography. In color photography, the effect of
atmospheric haze is to reflect invisible ultraviolet radiation which, in turn
causes an excessive bluishness. These effects can be cut down or elimnated
by using a skylite (14) or ultraviolet (uv) filter.

(c) Polarizing Filters. Polarizing filters are extrenely use-
ful in either black-and-white or color photography. They do not alter any of
the colors in the scene, but intensify themby renoving glare fromtiny reflec-
tions that are largely invisible to the naked eye. They are all useful in
controlling reflections fromnon-metallic surfaces such as glass, plastic,
stone, painted structures, etc. Polarizing filters also darken blue sky and
generally intensify sharp detail

(4) Initial Canera Orientation. Oient the camera with respect to
true north or wth respect to some known reference point in azinmuth. Record
the azimuth reference point.

(5) Exposure Control. Fromthe light-meter reading select the val-
ues for shutter speed and aperture (f-stop). Select the highest aperture
(larger than f/8) possible for a 1/125 second or faster shutter speed. The
hi gher the f-nunmber, the greater the depth of field obtained. A new speed
and aperture setting is usually required about four times in 360 degrees unless
the sun is directly overhead and there are no clouds. If a filter I's used for
better definition, contrast, etc., the f-nunber or shutter speed should be
corrected in accordance with the filter manufacturer's instructions.

(6) Photographs. Make as many exposures as may be required to
obtain the conplete panoramc. Each frane should include about a degree of
overlap between successive frames to mnimze end distortion and allow for
waste in the printing process and | ater assenbly of the conplete panoranic.
Since each frame will cover approximately 40 degrees in azinuth, approxinmately
ni ne exposures wll be needed to photograph the full 360-degree azinuth

(7) Oher Data and Notes. Make such notes as may be required to
identify the separate takes. Azinuth references to promnent skyline features
are especially worthwhile. A sinple record of each photo taken will elimnate
taking two shots of one azimuth or double exposure. It is recommended that
the filmfor any one |evel be processed and inspected prior to renoving or
lowering the scaffold tower.

70.  ADDITIONAL DATA FOR ELECTRONI C ASSESSMENT. In addition to photographs
and screen angle neasurenents. observations nmade at the tine of prelimnary
site inspection, and recorded-on the Site Inspection Wrksheet (figure 4-8),
shoul d be verified and refined where necessary during the site survey. In
particular, careful exam nation of the surroundings for sources of clutter
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vertical |obing, and reflecting surfaces should be made for each site sur-
veyed. Data recorded should include:

a. Cutter Estimtes.

(1) Ceneral terrain type(s).

(2) Range and azimuth dimensions of areas where severe clutter is
expect ed.

(3) Range and azinuth of potentially |arge permanent echoes.

b. Vertical Lobing Esti mates.

(1) Location of relatively snooth, horizontal surfaces within the
radar field of view.

(2) Maxi mum hei ght of surface irregularities in each area.
(3) Range and azinuth dinensions of each area.

c. Reflector Estimates..

(1) Location, orientation of noderate to large reflecting surfaces
within 2500 feet of site.

(2) Location, orientation of large reflectors within 5000 feet of
Site.

(3) Estimated lengths, direction, |ocation of visible roadways,
railroad lines, and runways.

71, ENVI RONMENTAL DATA.  Environmental considerations weigh heavily in the
sel ection of ARSR/ATCBI sites, and FAA policy requiresan Environmental Assess-
ment followed by either an Environnental |npact Statenment (EI'S) or Finding O
No Significant Inpact (FONSI) in each site established. To provide input
material for the Environmental Assessment, relevant data nust be collected at
the time of site survey. The data requirenments are defined in detail in the

| atest edition of Order 1050.1, Policies and Procedures for Considering Envi-
ronmental Inpacts. Included anong the requirenments are the follow ng:

a. Noise. Unless data or accepted estinmates are otherw se obtainable,
per f or m measurements Of the ambient noi se | evel s existing at each candi date
site. Measurenents shall include maxi num sould |evel in dB(A) (single event
measure), duration in tinme above a reference sound |evel, and a cunul ative
noi se measure (e.g., Conposite Noise Rating, Noise Exposure Forecast, Day/N ght
Level, or Equivalent Noise Level). Measurements may be nade with comerci al
equi pnment such as:

(1) GenRan Inc., Concord Mass.
Model GR-1945, Community Noi se Anal yzer.
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(2) B&K Instruments, Inc., Ceveland Onio
Type 2218, Precision Integrating Sound Level Meter

b. Ar Quality. Estimate existing air pollutant concentrations at each
candidate site location. This may be done by consultation with area EPA

representatives

c. Water Quality, Determne available water resources and facilities
for waste treatment and disposal. This may be acconplished by conferring wth
the appropriate |ocal agency responsible for water quality monitoring, or EPA

d. Social and Socio-Economc |npacts. In consultation with |ocal offi-
cials or planning organizations, estimate any inpact of establishing ARSR ATCB
sites at the candidate locations on popul ation, neighborhood housing devel op-
ment and/or stability, vehicular traffic, or business devel opnent.

e. Special Use Areas. Using available source material and consultation
as necessary, identify all existing and planned special use areas within or
near the candidate site areas. The special use areas include public parks,
recreation areas, and wildlife and waterfow refuges

f.  H storical and Archaeol ogical Sites. Using the National Register of
Hstoric Places, 1dentify all historical and archaeol ogical sites within or
near the candidate site |ocations

g. Flood Hazards. In consultation with local area officials and/or EPA
representatives, determne if the sites under consideration lie in or near any
flood plain.

h. Wtlands, In consultation with cognizant |ocal officials (e.g., EPA
Dept. of Interior, Dept. of Commerce) identify the |ocation, types, and extent
of wetland areas in the vicinity of each site candidate.

i. Coastal Zone Management. Determne if any of the site candidates lie
in or near areas covered by a state coastal zone management program This may
be done by discussion with the appropriate state agency. In cases where site
candi dates are in or near such areas, obtain information on the nature of the
state's program for the area

j. Energy Supply and Natural Resources Devel opnent. Ildentify any energy
production or consunption inpacts which could occur due to devel opment of the
radar sites.

i. Construction Inpacts. After studying the candidate site |ocations,
i dentify any unusual or special environmental inpacts which would occur as a
result of site developnment. Factors to be considered include noise, air
pol lution, water quality, land use, etc
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‘1. Endangered Species. Consultation should be carried out with |oca
Nat ural Resources agents and/or Department of Interior, Bureau of Lane
Management officers to determine if any endangered or threatened species
of flora or fauna could be influenced by devel opment of any of the candidate
radar sites.

m El ectromagnetic Interference. A survey of electromagnetic equi prent
inthe siting area that could cause or be subject to electrmagnetic inter-
ference should be made. Reference 15 provides information on the allocation
and use of the frequency band used by ARSR-3 and an interference analysis
of several prospective ARSR-3 sites. A plot of mcrowave facility |ocations
and other transmtters or receivers in the vicinity of the candidate site
shoul d be prepared to be used to determne the |ikelihood of interference
to or fromthe planned radar site. Power densities in excess of the general-
|y accepted radiation hazards criterion can be exceeded out to 375 feet from
the ARSR-3 antenna in the direction of the main beam This level would
not be exceeded at ground level with the lower 3 dB point of the main beam
at 0 degree elevation due to mnimm 37 foot agl position and the sharp
fall-off of the gain below the beam However, consideration nust be given
in site layout to preclude illumnation by the main beam of personnel wth-
in 375 feet of the antenna. This could be caused by |owering the beam angle
or having occupied areas within 375 feet at a height high enough (37 foot
agl) to be in the min beam Note should be taken of the nunber of dwelling
units located sufficiently close to the ARSR/ATCBI site that television
interference could occur

n. Visual Inpacts. After visiting each candidate radar site, any signi=-
ficant or unusual visual inpact which would occur fromsite devel oprment
shoul d be noted.

72. COST DATA.

a. CGeneral. Al data necessary to estimate the cost of establishing
an ARSR/ATCBI facility at each site |ocation should be collected during
the site survey. Sone of the items which require special attention because
of their potential inpact upon the cost of site devel opment include soi
anal ysis and bearing capability; drainage; grading, access road, utility
service, and water and sanitation requirements; earth resistivity; and design
wind velocity.

h. Data Acquisition. Mst of the required site data affecting the prep-
aration of construction cost estimates can be determ ned by inspection at the
site location(s). In cases where there are questions, however, e.g., soi
data, subsurface geology, etc.) consultation with local officials, engineers,
or contractors is advised

c. Barth Resistivity.

(1) General. Know edge of soil resistivity at the radar site of the
groundi ng systemrequired for protection of the site. Because of the depen-
dence of earth resistivity upon subsurface geol ogy, soil noisture content, etc.
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The parameter is variable and requires neasurenent at each potential site |oca-
tion to allow an accurate determnation of the proper site grounding system

(2) Measurenent. Earth resistivity neasurenents should be performed
in several places at each site in accordance with procedures described in the
| atest edition of Order 6950.19, Practices And Procedures For Lightning Pro-
tection, Gounding, Bonding, And Shielding Inplementation, using a standard
earth resistance test set. Representative equipnent which may be used for
these measurenents include Janmes G Biddle Co., Plynouth Meeting, Pa., Cat. No.
63220, Megger Null Bal ance Earth Tester; and Associated Research, Inc., Chicago,
Il'linois, Vibroground Md. 263, Resistivity Instrument.

(3) Additional Information which should be collected to aid in design
and cost estimation for the grounding systemincludes soil noisture character-
istic and depth of water table, deepest-frost penetration, and rock formations
at or near the surface.

SECTION 5.  SI TE PERFORVANCE ANALYSI S

73, CENERAL. In this section, nethods and procedures for processing and
anal yzing i1 nformation gathered fromthe prelimnary studies and site survey
are presented. The analysis procedures described should be applied to each
site actually surveyed. This will provide a systematic conpilation of radar
and beacon performance information to aid in fornulation of reconmendations
for an optinumsite. The required anal yses are described in the follow ng
paragraphs; they cover the follow ng:

a. Site Panoram c Phot ograph.

b.  Screening Analysis.

c. LOS Altitude Coverage Analysis.

d. ARSR Coverage Analysis.

e. Beacon Coverage Analysis.

f. Beacon Vertical Lobing Analysis.

g. ARSR Vertical Lobing Analysis.

h. Beacon False Target Analysis.

1. Cutter Analysis.

j. Tangential Course Analysis.

k.  Second-Tine-Around Analysis.
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74, SITE PANORAM C PHOTOGRAPH.

a. Wility and Application. The panoram c photographs obtained during
the site survey represents an inmportant part of the data collected. Themajor
val ue of these photographsis asaconvenient reference in support of current
or future site investigations and analysis. Sone anticipated applications
of the photographs include

(1) a pictorial display of the terrain features about the site,

(2) a reference aid in identifying/locating promnent or trouble-
some reflecting objects (buildings, hangars, fences, highway traffic, etc.)
about the site,

(3) a check and cross-reference for screen angle transit data,

(4) a convenient reference base for trouble-shooting of future ARSR/
ATCBI problens caused by nodification of the site vicinity through construc-
tion (e.g., buildings, roads, grading) and/or natural changes (e.g., vegetation
growt h)

b. Procedure for Assenmbly. The panoram c photograph is prepared from
the individual overlapping exposures taken at the antenna site, They shoul d
be fornmed into a single strip by matching, cutting and joining the individua
prints. The assenbl ed panoramc is then marked to indicate the cardina
directions in azimuth, local horizontal, degrees azinuth and el evation, and
salient points or objects appearing in the panoramc. A 40 degree sector around
120 degrees azimuth of the panoram ¢ photograph for Beach North Dakota Site A
is reproduced in figure 4-12. The vertical and horizontal angle grid is evident
Three of the navigational fix requirements are marked on the photograph

75. SCREENING ANALYSIS. The purpose of this analysis is to determne the
radar antenna hei ght necessary to achieve line-of-sight visibility to the
required navigational fixes fromeach of the site locations considered. This
analysis is preceded by the preparation of a screen angle graph. The screen
angle graph is a plot of the angular elevation of:-both the close-in and dis-
tant (or skyline) profile as viewed 360 degrees in azinuth fromeach site

| ocation surveyed. The graph should be plotted in the rectilinear form shown
in figure 4-13

a. Preparation of Screen Angle G aph.

(1) Screening Data/Plot. The radar screen angle graph is derived
from optical screen angle data taken during the site survey and entered in
the screen angle survey data sheet (figure 4-11). Optical screen angles are
converted to radar screen angles recorded on the data sheet, and plotted with
the aid of equation 3-9, p. 72, which accounts for nornal refraction of

radar signals based on the 4/3 earth radius nodel. The equation is rewitten
bel ow:
dS
O s = % * TI0 (4-1)
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Figure 4 - 13 SCREEN ANGLE GRAPH
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wher e
ers = radar screening angle in degrees
eos = optical screening angle in degrees
dS = distance to screen object in nautical mles.

(2) Fix Data Treatment. After conpleting the screening profile plots,
the azinuth and el evation angle of each navigational fix and/or critical cov-
erage point should be identified and marked directly on the screen angle chart.

(3) Fix Data Entry. Determination and plotting of all fix locations
can be facilitated through data entry in colums C through H of the los cover-
age worksheet shown in figure 4-14. The fix azinuth and range data of col ums
C and D are determined from map studies, whereas fix height in colum E is ob-
tained directly from the AT coverage requirenments. The elevation angle of each
fix (colum F) can then be determned froma radar coverage chart or fromthe
equation given bel ow;

[Phe -l dg
B¢ = tan [6080 3, ~ 874 k| -2
wher e
6 = fix elevation angle (degrees)
he = fix altitude (ft. msl)
h = antenna height (ft. msl)
dg = fix range (nm)
k = -equivalent earth radius factor

(k = 4/3 for "normal " atnosphere)

The eight fixes plotted on figure 4-13 and listed on figure 4-14 are for the
Beach North Dakota Site

(4) Safety Factor. As an additional step it is advised that the
el evation angle of each fix be reduced by a safety factor of 0.1 degree (6
mnutes) to account for uncertainties in transit measurenents, plotting,
range estimation, etc. This corresponds to [owering the nsl altitude of a
fix located at 200 nm by approxinmately 2000 feet. As range to the fix de-
creases this altitude safety factor will become correspondingly smaller. The
adj usted el evation angles are recorded in colum G of the worksheet and are
indicated on the screen angle graph

(5) Adjusted Fix Heights. The fix altitudes corresponding to the
adj usted el evation angl es should be determned for each fix |ocation and
recorded in colum H of the worksheet. The calculation may be made using
equation 4-3 bel ow
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]! Figure 4-14. LOS COVERAGE WORKSHEET
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2
d
. . £
h", = h_+ 6080 4 tan 87 +0.884 — (4-3)

wher e ha, de and k are defined as in the previous equation, and

h‘f = adjusted fix height (ft. nsl)
e‘f = adjusted fix elevation angle (degrees)
e’f = (8 - 0.1) degree

(6) Radar Screen Angles/Altitudes, 6,5, at the azimuth of each fix
can be determined directly fromthe screen angle graph and recorded in column I
of the worksheet. These val ues shoul d be converted to radar screen altitudes,
hg, at each fix location using the follow ng expression, with the results
recorded in colum J:

2
d
- £ :
hs = ha + 6080 dg tan ers + 0. 884 ” ‘ (4=4)

(7) Coverage Estimate. Finally, colum K of the worksheet is com
pleted as follows. If the adjusted fix altitude (colum H) is greater than
the radar screening altitude (colum J), full los coverage is provided. On
the other hand,if theradar screeningaltitude is greater thanthe specified fix

altitude (colum E), no los coverage is possible. For the intermediate condi-

tion, where the radar screening altitude is between the values in colums E
and H coverage is considered marginal due to the uncertainty produced by the
0.1 degree safety factor. \Wrksheet colum L entries are discussed in para-

graph 77¢ bel ow.

b. Analysis

(1) Purpose. An analysis of the screen angle graph should be made
to determne answers to the follow ng questions

(a) Are all navigational fixes and critical coverage points
visible fromthe site at the antenna hei ght sel ected?

() If all fixes are visible, to what mninum height can the
antenna be lowered and still provide los visibility?

(¢) If some fixes are screened fromlos visibility, to what
hei ght nust the antenna be raised in order to achieve visibility?

(2)" Fix Visibility. The answer to the first question can be found
by inspection of the screen angle graph or coverage worksheet. Navigationa
fixes above the screen angle profile are visible; those below are not. One
special case may develop, however, where the answer is not so obvious. This
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occurs when a navigational fix |ies somewhere between the close-in and dis-
tant screening profiles as illustrated by fix no. 5in figure 4-13. |n such
instances it will be necessary to determne if the range to the fix falls

wi thin the range between the close-in and distant screen objects,

(3) Antenna Hei ght Reduction. For the case when all navigationa
fixes are located above the screen profile, it is appropriate to consider how
much the antenna can be lowered and still provide full los visibility of al
fixes. This will be determ ned by that navigational fix whose elevation an-
gle is closest to the plotted screen angle profile. For exanple, let fix
no. 4 represent the closest fix to the screening profile in figure 4-13 (i.e.
for purposes of this discussion assume fixes 1, 2, 3 and 5 are not present)
The angul ar displ acenent between the fix and the adjusted screen profile
point is shown as Al. If the fix is located at a distance greater than that
of the screening object, lowering the antenna height results in a reductionof
AL* (For fixes whose distances fromthe site are |ess than for the screening
object, lowering of the antenna height increases Al; hence, in this investiga-
tion we are concerned only with the fix having | east separation and is at a
di stance greater than the screening object.) Assuming this to be the case,
the value of Al determnes the extent to which the antenna can be | owered
wi thout |osing los coverage. This is done using the follow ng equation

106. 12 df ds
d_>d
2 1 (df-ds)

! £ s (4-3)

|A

wher e
h, = |owered antenna height (ft)

h. = antenna height at which survey was taken (ft)
d_ = distance to navigational fix (nmi)
d_ = distance to screening object (nmi)

= magni tude of angul ar separation between fix and
screening object (degrees).

(4) Antenna Height Increase. For the case where a navigational fix
is screened or lies below the screen angle profile, a simlar analysisis made
to determne the height to which the antenna nust be raised to provide the
desired los visibility. Here, however, the angular separation of concern
shown as A2, is that defined by the fix having the |argest angular displace-
ment bel ow the adjusted screen profile points. In figure 4-13, fix no. 1is
shown as being the one furthest below the screen profile and thus becomes the
defining A2 for raising the antenna height. The value to which the antenna
shoul d be raised is given by the foll ow ng equation

106,12 df d
h, = h + 2 |A

d_>d (4-6)
3 1 (df-ds)

2l f s
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wher e hl’ df, and d, are defined as in the previous equations, and

hy = rai sed antenna height (ft)

|A = magni tude of angular separation between fix

|
2 and screening object (degrees),

(5) Final Height Determination. The significant result obtained by
the above analysis is the mninmum antenna hei ght necessary to provi de los
visibility to all fixes froma given site location. In nost cases, however
this mninum height will not be exactly realized because ARSR tower heights
can only be varied in 12% foot (or sometines 25 feet) increnents between 25 feet
and 75 feet. As a result, the actual m nimum antenna height to be specified
wi Il correspond to the nearest achievable height above the m ninum val ue de-
termned from the screening analysis. It shouldbe renmenberedwhen conducting
this analysis that antenna height is 12 feet greater than tower height, and
that the accuracy of height determnations using equations 4-5 or 4-6 is
strongly dependent on the accuracy of df and dg data.

76. LOS ALTITUDE COVERAGE ANALYSIS. Radar line-of-sight coverage of the con-
trolled airspace can be determned readily with the aid of a los boundary dia-
gram Initial estimtes of the coverage shoul d be determned fromthe plats
obt ai ned from ECAC (Par 51b(3)), prepared fromstored digital terrain data

The diagramis a plan view of radar range visibility limts about the antenna
site at various flight altitude levels. It is prepared using the radar screen-
ing angle data indicated in figure 4-11 and offers a different perspective for
assessing radar visility than does the screening graph. The major use of the
los boundary diagramis in determning the los visibility of airroutesbetween
the navigational fixes in the coverage area. Also, sincethe diagranis plotted
on polar coordinate paper and shows all air routes in the coverage area,itmy

be used inidentifying andl ocatingtangential course problenms for subsequent studies.

a. Preparation of the LOS Boundary Diagram The radar los boundary dia-
gram shoul d be prepared using Polar Coverage Chart (figure 4-15) or equivalent
to a scale of 1:1,000,000 allow ng overlay on Wrld Aeronautical Charts. Plots
shoul d be prepared covering all flight levels of interest. A representative
diagram m ght include plots for altitudes of 4000, 6000, 8000, 10000, 12000,
and 15000 feet. The diagram should also include the nmsl altitude at which
data were collected. Preparation of the diagram my nake use of either hand
or machine calculation

b. Machine Calculation/Plotting. A series of FORTRAN conputer prograns
has been devel oped by FAA engineers for calculation and plotting of los range
vs. azimuth for selectable flight altitudes, using screen angle input data of
the type described in paragraph 67 above. Depending upon the program used,
the conputer output may be in the formof data tabulations, small-scale plots,
or large-scale plots. The conputer prograns, described in detail in appendix
3 of this handbook, were devel oped for use with FAA's CDC time-sharing
conputer system They are permanently stored in the conputer and nmay be
accessed by any FAA user
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c. Procedures for Hand Cal cul ation/Plotting. .

(1) Data Quantizing. The necessary information to constructthelos
boundary diagramis obtained fromthe transit data taken in the field. The Radar
LOS Altitude/Range Cutoff \Wrksheet (figure 4-16),FAA Form 6310-2(11-73),is a
convenient nmeans of tabulating the information concerning screen angles, azi-
muth sectors and the resultant los cutoff range to the various altitude |evels
of interest. In transferring data fromthe screen angle survey data sheet,
(figure 4-11) to the los altitude/range cutoff worksheet, it is recomrended
that, to avoid neaningless detail in the plot, suitable averaging or quantiz-
ing techniques be made to enlarge the azimuth sectors to be plotted, One such
approach is to define azinuth sectors on the basis that the screening angle
profile within the sector does not vary by nore than 0.15 degrees (9 mnutes).
The screening angle over this azinuth sector is then tested as being constant.
To elimnate any errors in subsequent analysis of the los boundary di agram
t he maxi mum screen angle over this azimth sector should be used for determ n-
ing the corresponding range cutoff distances as a function of altitude.

(2) Worksheet Data Entry. For each azinuth sector quantized, the
azi muth angl es boundi ng those sectors should be entered in colum 1 of the
wor ksheet and the corresponding radar screen angle entered in colum 2. The
screen distance entries (colum 3) should correspond to the rangeofthescreen
object with the |argest positive screen angle or largest angle in a positive
direction if there are objects with a negative screen angle, The object de-
fining this angle should then be identified by name in colum 4. Al other
objects within this sanme azimuth sector are disregarded.

(3) Worksheet Conpletion and Plotting, Know ngthe altitude (rela- ‘
tive to the elevation of the antenna) and the screen angle, the cutoff ranges
for the various altitude levels of interest are determned froma 4/3 earth-
radius screen angle chart given in appendix 2. After all entries are conplete,
the radar los coverage diagramis plotted as follows:

(a) Wth the proposed site located at the center, mark off the
azinuth sectors defined for the screen angles in the worksheet.

(b) Using the cutoff range for the altitude of interest, as
the radii, draw an arc enclosing the azimuth sector

(c) Repeat step (b) for each azinuth sector listed on the
wor ksheet .

(d) Connect the arc lengths by the radial |ine segnmentsbetween
successive azimuth sectors

(e) Repeat steps (b) through (d) for each altitudeof interest
To facilitate ease in subsequent studies, different range scales may be re-
quired for plotting the various altitude contours. In such cases, it is
recommended that nore than one diagram be prepared

i @
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Figure 4-16 RADAR LOS ALTITUDE RANGE CUTJIFF WORKSHEET

SITE IDENTIFICATION :BEACH, ND'"A"|
ANTENNA HEIGHT 2372 FT MSL

SITE COORDINATES :
LONG.103C 46° 45" W | aT.47° 40" 4" N

DATE :

PREPARED BY.

I
| 2 3 4 5
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From Yo | SCREEN ANGLE NM OBJECT I'3000 | 4000 | 6000 | 8000 [10000 |12000 15000
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330 360 - 0.3 36 " " 36 65 95 110 130 145 160 !
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(f) Conplete the drawings by labeling to show altitudes, true
north, map scale, site identification, etc. The radar los coverage diagram
in figure 4-17 was machine plotted with the program provided in appendix 3,
using the Beach North Dakota Dat a.

(4) Additional Plot Entries. After constructing the radar los cov-
erage diagran(s), the navigational fixes in and near the controlled airspace
shoul d be located and marked directly on the diagram The azinuthand distance
of each fix relative to the site location can be obtained directly fromthe
screen-angl e graph and nmap study conputations prepared earlier. Al inter-
connecting air routes are then drawn in straight |ines between the various
fixes and labeled. The mnimmmslaltitude at which aircraft can operate
(specified by AT, Flight Safety and charts) over the air routes shown, should
be marked directly on the diagram al ongside each air route |ine segment.

d. Amalxsis

(1) Ceneral. Two general results can be obtained froman analysis
of the conbined radar los coverage and air route diagram One isto establish
the los visibility, or lack thereof, of aircraft operating at theirrespective
m ni mum al titudes over each air route in the area. The second is to identify
and locate all potential tangential course problens that can develop as air-
craft travel over these air routes

(2) Visibility. To establish visibility of the air routes, the
m ni num operating altitude of each air route segment is examned relative to
the range/altitude contour plots. Visibility of any point along the air route
IS established when the range and azinuth of the point fall within a region
bounded by a contour whose altitude is lower than that specified for the air
route. The air route segnents shown in figure 4-17 meet this criterion with
the exception of the route segnents within 20 nm of the BI'S VORTAC which are
beyond the 12,000 foot contour. Lack of los visibility is shown by the
cross hatched area indicated

(3) Tangential course conditions where the nti capability of the
ARSR may be seriously inmpaired can be identified by noting on the conbined
altitude contour/air route diagramwhere, if any, air routes are tangent or
early tangent to any dianeter circle about the site location. These poten-
tial problem zones should be marked and/or tabulated for further investiga-
tions as discussed in paragraph 82

77.  ARSR COVERAGE ANALYSI S

a. Ceneral. For an ARSR site to provide adequate surveillance of the
controlled airspace, two conditions nust be net; namely, (1) all required
navi gational fixes must be visible on a direct line-of-sight fromthe radar
and (2) given los visibility, the radar nust be capable of detecting all air-
craft of interest at the range and altitude of each fix. Line-of-sight visi-
bility for each fix (or its absence) has been determned through the previous

analysis. In the procedure described here, plots or calculation of ARSR
vertical detection capability are used to determne the adequacy of free space
Chap 4
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Figure 4-17. RADAR LOS COVERAGE DIAGRAM

Chap 4
Par 76 Page 207



6340. 15 5/31/83

radar coverage for the antenna hei ght selected and a nominal antenna tilt.
In addition, the analysis provides information on the maxi mum perm ssible
tilt angle without loss of radar coverage. This represents a refinenent of a
simlar analysis carried out during prelimnary work (see paragraph 59c).

b. Radar Coveragelndicator (RC) Charts. Theanal ysi s procedure given be-
lowmakes use of the radar coveragei ndi cator chart of figure 4-18,togetherw than
appropriate rcioverlaychart (figures 4-19 through4-21). Thel atter give free
spacecoverage of a T-33aircraft under several polarization/climatological condi-
tions. The overlay charts shown givecoverage contours for the ARSR-3 under three
conditions (i.e., LP-- fairweather, CP-- fairweather, CP--heavyrain). Two
coveragecontours arepl otted oneach chart, one for ARSR-3 with the main (lower beam)
ant ennaonl y and one for ARSR-3 oper ati oni n t hedual node. The siting engineer
shoul dsel ect forusethatrcioverlaycont ourwhi chcorresponds totheworst-case
radar use/climatological conditions expected at the site | ocale.

c. Procedure

(1) Coverage/Maximum Tilt. Using the coverage requirenments entered
in the los coverage worksheet (figure 4-14), locate the range and adj usted
el evation angle of each fix on the radar coverage indicator chart of Figure
4-18. Also on this chart, mark the locations of such other critical points
as may be judged inportant. \Wen this is conpleted, apply the appropriate
rci overlay contour (from figures 4-19, 20, or 21). The overlay should be
adjusted initially for proper alignnment and a nominal tilt angle of O degree for
the lower 3 dB point of the antenna nmain beam Using the main beam only con-
tour fromthe selected chart, determne if coverage of the required fixes can
be achieved. |f the fix location is within the boundary of the contour, cov-
erage is possible; otherwi se, coverage is not achieved. Information is re-
corded in colum L of the los coverage worksheet (figure 4-14) for the maximum
tilt angle that will provide |ower beam coverage for each of the fixes for the
three conditions represented by the three overlays

(2) other Considerations. Oher inportant sitingconsiderations dea
wi t ht hem ni numacceptabl e tiltangl e for radar coverage, and determ nationof the
appropriaterange forsw tching frondual beant onai n-beam onl yoperation. These
factorsare determnedprimarily frontlutter considerations,as discussedin para-
graph 71.

78. BEACON COVERAGE ANALYSIS. Achievenent of adequate free space beacon
coverage normally presents little problemin situations where |ine-of-sight
visibility to all desired fixes exists. This good coverage is possible be-
cause only a one-way path is involved on interrogation and reply. Interfer-
ence considerations dictate, however, that beacon interrogators be operated
at the lowest possible output power capable of providing the required spatia
coverage. This power level is estimated using the follow ng procedure

a. Procedure. Using the AT coverage requirenments, which have already
been | ocated on the radar coverage indicator chart (figure 4-18), apply the
8egcon overlay# chart (figure 4-22) and adjust for a nominal tilt angle of

egree,

#Copi es 1nside back cover
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From the chart parameters, the smallest beacon power required for coverage of
all fixes is 50 dBm and the maxinumrequired range is 140 nm . Lowering the
tilt angle to -0.8 degrees, the nost negative tilt required in colum L of
figure 4-14, reduces the required beacon power to 47 dBm for the same maximum
range.

b. Analysis. The beacon power determined by the above procedure is the
| owest which will provide the requisite coverage, This power |evel is used
in calculating the effects of beacon |obing fromequations presented in chap-
ter 3. To account for substandard propagation, an operational transmtter
output 3 dB above this level should be specified. |t should also be noted
here that the Pd values plotted in figure 4-22 represent interrogator output
measured at the antenna, To achieve this condition, the transmtter output
must be increased by an additional amount equal to the transmssion |ine and
pl unbing | osses for the particular installation

79. VERTICAL LOBING ANALYSIS. Previouscoverage analyses were based on free
space antenna patterns; they are correct only for situations where the |oca
terrain is rough and does not produce vertical |obing. The objectives of a
vertical |obing analysis are to identify the azinuth sectors about a site in
whi ch | obing can be expected to occur, and to analyze the effect of such

| obi ng upon the ability of ARSR/ATCBI equi pment to meet the established cov-
erage requirenents. The accuracyof this analysis wll depend upon the quality
of site survey data covering surface roughness, surface reflectivity, and the
size and |ocation of |and areas over which these conditions prevail. Since
vertical |obing can have a severe detrinental effect on system performnce,
its consideration is very inmportant to selection of an optinumradar site.

a. Existence of Lobing. The suggested procedure for determning if it
I's reasonable to expect the occurrence of vertical lobing at a given site is
outlined below.  The procedure is applicable to both radar and beacon | obing
anal ysi s.

(1) Potential Lobing Areas. Fromsite survey observations and pano-
ram ¢ photographs, identify the azinuth sectors containing relatively flat
terrain. Determne the msl elevation of each flat region and the range to
Its near- and far-points. The latter, of course, will not extend beyond the
hori zon

(2) Fresnel Zone Location. Determine the effective height of the
radar antenna above each flat terrain region by subtracting the terrain mnsl
el evation from. that of the antenna. Use this effective height to conpute the
| ocation of the first Fresnel zone in each area for various null orders. Range
to the near-point (dy,), reflection point (d;) and far-point (djg) of the
Fresnel zones are given by equations 3-34 ané 3-35, pages 103 and 105. The
distances are plotted in figures 3-34 through 3-39 for |ower order nulls. The
equations are sinplified as follows to yield distances in nautical mles.

2 .
dln = knha f (near point) 4-7)
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2 . .
. d, = kh"f (reflection point) (4-8)

d = k ha f (far point) (4-9)

wher e

h. = effective antenna height above flat terrain
region (ft)

f = operating frequency (M)

,r
d
d
[ ]

Fresnel zone paranmeters (table 4-1)

Representative Freznel zone reflection distances are shown in table 4-2 for
the Beach North Dakota site for which data is shown in figure 4-11. In this
case, the antenna is 75 feet above relatively snooth terrain with Fresnel re-
flection zones for the first three nulls estimated to be in the 0.25 to 8 nm
range.

(3) Gazing Angle. Determine the grazing angle, b, to each nul |
reflection point fromthe expression

Y = tan t =2 (4-10)

1
. Grazing angles for the Beach North Dakota data are included in table 4-2.

(4) Surface Irregularity. Using the values of ¥,, calculated above,
determine the critical height of surface irregularity, Ah., fromfigure 3-33
or equation 3-32, page 103. The equation is rewitten bel ow. Record and
conmpare the calcul ated values of Ah, with the average measured or estinated
surface irregularity for the terrains under study. The latter data may be
taken during site survey operations, or derived fromtopographical maps.

61.519 (4-11)

Ah = »
C fsin wn

wher e
Ah, = critical irregularity height (ft)
f = operating frequency (Miz).
Critical heights for Beach North Dakota grazing angl es are included on table 4-2.
(5)" Continuation. Conduct the above radar |obing determnation for

each flat region and repeat for beacon lobing, using appropriate antenna
hei ght and frequency in step (2).

o -
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Tabl e 4-1
FRESNEL ZONE PARAMETERS

O der k k k
of Null n r £
| 8.9561 x 10~ | 3.3425 x 1077 | 1.2474 x 10 -6
2 6.3836 x 10-8 | 1.6712 x 10~/ | 4.3754 x 10~/
3 5.0205 x 10°8 | 1.1142 x 1077 | 2.4681 x 1077
4 4.1781 x 10-8 | 8.3562 x 10~ | 1.6712 x 1077
5 3.5876 x 10~° 6.6850 x 10 -8 1.2456 x 10’
10 2.1450 x 10 -8 | 3.3425 x 10 -8 | 5.2084 x 10 -8
15 1.5498 x 10 -8 | 2.2283 x 1078 | 3.2040 x 10 -8
20 1.2197 x 10-8 ' 1.6712 x 10 -8 | 2.2899 x 10 -8
Table 4-2
BEACH NORTH DAKOTA SI TE NULL REFLECTI ON PO NT
GRAZI NG ANGLE, AND CRI TI CAL HEI GHT
Near Poi nt Refl ection Point Far Point R.P.Y Ah,
1st Nul | 0.5 nni 1.7 omi 8.2 nm 0.40 6.7
ond Nul | 0.3 1.0 3.3 0.670 | 4.0
3rd Nul | 0.25 0.5 1.6 1.350 | 2.0

Chap 4
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. b Interpretation of Results.
(1) Area Comparison. Compare the |ocation and extent of potentia
| obing areas wth the Fresnel zones determined through computation in conjunc-
tion with the follow ng guidelines

(a) No_Overlap. If none of the flat surveyed areas [ie within
the first Fresnel zone, no | obing should be expected as long as the heights
of the ARSR and ATCBI antennas do not exceed the values used in conputations.

(b) Conplete Overlap. |If the flat area identified covers
the first Fresnel zone conpletely, |obing can be expected to occur if the
average irregularity of the surface does not exceed Ah,. Iftheirregularity
is greater than Ah,, the surface is too rough to support |obing reflections.

(c) Partial Overlap. |If the surveyed area extends only partial -
ly over the first Fresnel zone the occurrence of Iobing is uncertain. This
uncertainty can be resolved somewhat by considering surface snoothness and by
conparing the position of the surveyed area relative to the position of the
reflection point within the first Fresnel zone. No lobing will be produced
by a surface whose average irregularity is greater than Ah,. For snooth sur-
faces, areas nearest the reflection point contribute nost heavily to the tota
reflection, the contribution decreasing in inportance the further the area is
from this point

anal ysis, that, the presence of vertical reflecting surfaces (e.g., buildings
or fences) near the Fresnel zone may screen or break up a |obing patternwhich
may otherwise occur. This fact nmay be used to avoid |obing effects through
careful selection of site [ocation, or through installation of fencesto elim
inate lobing (see reference 8)

. (2) Mtigating Factors. It should be noted, when conducting this

c.  Effects of Lobing on Coverage. If vertical lobing is expected and
cannot be prevented by screening or adjustment of antenna height, an analysis
shoul d be nade to determine the inpact such |obing will have on the coverage
capabilities of the ARSR and Beacon, This assessnent may be as foll ows:

(1) Requirements. Locate and identify those navigational fixes
which lie in the azinuth sector(s) where vertical lobing is expected to occur.

(2) Elevation Angles. Using the antenna height specified by screen-
ing considerations (paragraph 75) determne the elevation angle of each of the
above navigational fixes relative to the site location. [|f the elevation
angle to a fix exceeds the critical grazing angle (specified above for the
given terrain roughness) by nore than one-fourth the angle of the first null
it can be ignored insofar as |obing effects are concerned. The effects of
| obing on the coverage for the navigational fixes for the Beach North Dakota
Site listed in figure 4-14 are sumuarized in table 4-3. The elevation angle
to each of the fixes is shown in figure 4-18 and listed in table 4-3. Assum ng
that the grazing angles listed in table 4-2 are applicable to all coverage sec~
tors, four of the eight fixes would have a potential |obing problem

®
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Table 4-3

POTENTI AL COVERAGE PROBLEMS
FOR BEACH NORTH DAKOTA NAVI GATI ONAL FI XES DUE TO LOBI NG

El evation Lobi ng Cover age
Angl e
Fi x No. Degr ee Adequat e Probl em
| -0.3 X
2 0.0 X
3 0.5 X
4 0.3 X
5 0.05 X
6 0.4 X
7 2.9 X
8 1.0 X

(3) Earth Gain Factor. For those identified navigational fixes
whose el evation angles are less than the critical grazing angle, conpute the
earth gain factor, n, at this elevation angle by letting 8 in equation 3-22,
page 80, equal the elevation angle to the fix (in radians). The equation is

G2 G2 4Th 6
n = [1+=5-2 /-=cos 2 (4-12)
G, h )

wher e G, = nunmerical antenna power gain in direction of target
G, = " " " " " reflection point
h, = antenna hei ght (ft)
A = wavelength (ft)

(4) Coverage Deternmination. Determine if coverage is obtained at
each fix using the relationships derived in paragraph 39 of chapter 3 (see
equation 3-30, page 88. If the actual range, R to a fix is less than the
val ue Rp, then coverage is obtained. If not, no coverage is obtained. Sim-
| ar considerations may be given to |obing effects or coverage of traffic at
other points in the air-controlled space
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R = nR; (for ATCBI @ 1030 Miz) (4-13)
(for ARSR-3 main antenna only
@ 1250- 1350 Mz)
or
R, = /nnR. (for ARSR-3 dual beam antenna (4-14)
@ 1250- 1350 MHz)
where
n, = value of n for echo path
n, = value of n for transmt path

(5) Tilt Angle and Height Effects. \en severe |obing effects are
predicted, attenpts shoul d be made to specify a new tilt angle which will en-
abl e satisfactory coverage to be achieved. Changing the antenna tilt wll
change the antenna gain factor in the direction of the target and reflection
point. Tilt will not affect the reflection point or null angle and will not
change the basic lobing pattern. If no acceptable tilt angle will remove the
coverage deficiency, a new antenna height nmay be selected and the anal ysis
repeated. Screening considerations should not be ignored in selecting new
antenna heights.

d. Aternatives for Severe Lobing. If serious lobing difficulties are
present for all usable height/tilt angle conbinations, consideration nust then
be given to (1) alternate site locations, (2) mtigation of the effect by
installation of fences as described in reference 8, or (3) altering airroute
structure or control procedures to mninize operational problenms caused by
lobing. The latter action would require consultation and concurrence by Ar
Traffic Division personnel.

80. FALSE TARGET ANALYSIS. Evaluation of potential ATCBI sites must include
an analysis of the expected severity of beacon false target effects associated
with each particular site location. This is very inportant since false tar-
gets represent one of the most.severe (and persistent) problems with beacon
system operation.. The analysis described belowis largely graphical and
fol l ows techniques described in paragraph 39e af chapter 3.

a. Procedure. on a horizontal coverage chart centered about the radar
site, locate all significant air routes and plot the |ocation of all poten-
tially harnful reflectors identified at the site survey. Then, for each
reflector

(1) Plot azinuth radials one degree beyond the extremties of the
reflecting surface. This defines the angular region where beacon false
targets may appear due to this reflector
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(2) Plot the path of signals reflected fromthe extended reflector
surface due to the above radials, Reflector orientation, required for these
plots, may be determined fromsite survey data or naps.

(3) Conpute maxinum range, R, between target and reflector for
false targets, using the reflector dinensions and ATCBI powerdeterm ned above.
This is done with the nonmographs of figures 3-43aand 3-43b. Note the range on
the di agram

(4) Note airways crossing the reflected signal sector at ranges |ess
than R; fromthe surface. Translate the affected range segnent to the false
target radial sector, taking into account the radar to reflector range, R,.

b. Analysis. Once the regions of appearance and of origin of false
targets are identified, the severity of the problemis readily deternmned
Situations where traffic in one active airway can create false targets in
another airway are clearly unacceptable. An exanple case is presented in
figure 4-23. In the exanple, a hazardous condition could devel op whenregul ar
comrercial traffic on airplane Ais falsely interrogated by a reflected path,
produci ng apparent targets in the region X which itself contains regular
comrercial traffic. In such a situation consideration should be given to
(1) renoval or masking of the reflecting structure (see reference 9 for mask-
ing details), (2) selection of a different ARSR/ ATCBI site, or (3) revision
of the air route. The latter possibility should only be considered as a |ast
resort and would, of course, require coordination and approval‘fromAir
Traffic and Flight Standards divisions;

81. CLUTTER ANALYSI S

a. General. Despite inprovenents in the surveillance radar equipnent,
ARSR coverage of targets can still be severely degraded by the effects of
ground clutter. Therefore, until such time as new radar detection and proces-
sing techniques (such as the Myving Target Detector) elimnate this problem
it is necessary that a worst-case clutter analysis be carried out as part of
the site selection process. The analysis, using principles outlined in para-
graph 39 of chapter 3, provides estinmates of

(1) "Range/azimuth paraneters for ntiand antenna beam switching of
the ARSR-3 radar

(2) Systemclutter coverage capability and tilt angle dependence

b. Cutter Boundaries. Fromnmap studies and site survey operations,
determ ne the boundaries of the region of clutter visibility, fromthe radar
site. The maximumrange of the clutter zone along a given azinuth radial is
sinply the range to the radar horizon, or to a screening object, whichever is
smaller. In rugged terrain the clutter visibility region may be discontinuous
due to the presence of multiple screening objects. In general, the maxinum
range of clutter will vary for different azimuth angles in accordance with the
terrain and screening features. The overall clutter visibility boundary may
be plotted on a polar diagram sinmilar to thoseal ready drawnforlosvisibility.
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FI GURE 4-23 EXAWPLE OF FALSE TARGET ANALYSI S
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c. Antenna Switching Range.

(1) Ceneral. As mentioned in chapter 2, the selection of a single
or dual beam antenna configuration for the ARSR-3 radar is largely dictated
by clutter considerations. The high beam antenna is used in the clutter re-
gion to the extent of its coverage capability, For target ranges beyond the
coverage capability of the radar in its dual beam node, however, the single
(mai n) beam node nust be enployed even if clutter is present. The singlebeam
mode is also used for all ranges where no clutter is visible.

(2) Maximum Switchi ng Range, The maxi mum al | owabl e range for switch-
ing fromdual to single beam operation in each of eight azinuth sectors, de-
pends on the antenna tilt angle and target/polarization/clinmatol ogical condi-
tions as indicated in table 4-4. The range information in this table was
derived by application of the ARSR-3 RCl overlay charts. For various assumed
tilt angles, the maximum switching range is defined by the intersection of the
coverage overlay for dual beam operation with the earth's surface.

(3) Switching Range Adjustment. For the maxi mum acceptable tilt
angle, as defined in the previous analysis (and indicated on the worksheet of
figure 4-13), the maxi num ARSR-3 antenna switching range will usually be set
as indicated in table 4-4 for the condition being examned. Exceptions woul d
occur in those azimuth sectors where the clutter boundary diagram indicated
clutter visibility to be linmted to a shorter range. In such cases, antenna
beam swi t ching woul d be adjusted for the shorter ranges indicated in the
di agram

d. Cdutter Coverage Analysis.

(1) CGeneral. Cutter conputations basically involve determnation
of the signal-to-clutter ratio (s/c) at various range points withinthe clutter
zone, for different values of antenna tilt angle. This ratio can then be used
to determne if target detection is possible.

(2) Radar Clutter Data. If nobile radar equipnent is available for
collection of clutter data, this should be used since it will provide an accu-
rate measurement of the particular clutter background associated with the site
As an alternative, ARSR equi pment already installed in a nearby |ocation may
be used to collect clutter data. Data gathered by this means, though not as
accurate as nobile radar data, is probably preferable to purely theoretica
clutter predictions.

(3) Analysis Procedure. From the nmeasured data, site survey opera-
tions, or map studies, identify the ground areas of maxinmumclutter within
view of the radar. Consideration should be concentrated on those areas
azimuthally within 1.5 degrees of overhead airways or fixes.

(a) Using Estimated Clutter Information. \Wen no neasured
data is available, estimate clutter effects as foll ows:
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Table 4-4

MAXI MUM ANTENNA SW TCHI NG RANGE FOR ARSR- 3

6340. 15

Maximum Al | owabl e Range for Dual Beam Operation
(nautical mles)
Ant enna
Tilt Fair \Weat her Fair \Weather Heavy Rain
Angled/ LP Operation CP Qperation | CP Operation
0° 64 43 38
0.5° 45 35 30
1.00 36 30 25
1.5° 32 22 21
2.00 26 20 17
2,50 24 17 15
3.00 20 14 11
3.59 19 10 9
4,00 16 8 8
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1 Calculate clutter grazing angle, §,tor severai range
points within the clutter zone from

ha-hr
v = tan {5080R (4-13)
wher e
h, = msl antenna height at site (ft)
h = msl elevation of terrain at range R (ft)

range to detection point (nmi).

2 Determine clutter area, A, from equation 3-40, page 118,
whi ch reduces to the form

A, = 10667 R sec ¥ (4-16)

3 Determne nornalized clutter cross section, oy, from
table 3-3or 3-4, and conpute the actual clutter cross section, o., from
equation 3-41, page 118

o = AO (4-17)

4 Antenna Gains. Determine the transmt and receive antenna

gains G, and G_ inthe direction of a target at this range and at the maxi num
el evation of concern. Also deternmine the corresponding gains Gy, and G,. in
the direction of the clutter patch. Antenna tilt angle, a, nust be accounted
for in these gain determnations. Initial calculations should use the |owest
value of a as determned from los studies (figure 4-13).

5 Conpute s/c from equation 3-39, page 117 using snallest
val ue of target cross section, o, expected. For a T-33 aircraft, o =0.7 sq.
meter (cp). Renenber that G, # G, and G #G__for the ARSR-3 inits dua
beam nmode ¢ re

OthGr
sle = 56 6 (4-18)
¢ tc rc

6 Discretes. |n areas containing discrete clutter sources
(buildings, water towers, mountains, etc.), estimate the clutter crosssection
Oe, IN much the same manner as for a target of simlar dimensions. Use this
value to determne s/c as above

(b) Using Measured Data. Wen actual clutter power data is
available fromfield measurenent it should be used directlyin clutteranalysis.
To be useful, clutter power measurements nust be made using thesame frequency,
pul se width, polarization, antenna beamm dth and height as the ARSR  In this

case.
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o 1 Signal Power - Normal. For each range point considered
within the clutter zone, conmpute received signal power S, from equation 4-19,
using the snall est c, expect ed

2

PGG Ao
s = _tt r3 4t (4-19)
(4T™)7R

2 Siapal _Power - Lobing Situation. |f lobing is expected
above the cl utter aTea, the appropriate expression for signal power, S, becomes

2
PthGrA ct 2 2
S = —F Ne n

4-20
4m3p? (4-20)

t

e. Interpretation of Results.

(1) Basic Steps, Cutter boundaries, antenna swtching range, and
mi swtching range(s) are determned directly in the respective anal yses
above. Clutter coverage may be deternined fromthe conputed val ues of s/c.
It can be assumed that target detection at the range being exam nedw || occur
satisfactorily in the nti node if the follow ng condition is met; otherw se,
no detection may be assumed

8/¢ > -23 4B (4-21)

(2) Continuation. Cutter analysis is repeated for all clutter
areas considered potentially troublesone and a general judgement forned as
to the severity of the overall clutter problem |If clutterobscures asignifi-
cant portion of the controlled airspace, consideration should be given to
(a) altering antennahei ght toreducethevisible clutterarea, (b) nodifying
the return fromlarge scatterers by removal or masking, (c) selection of
another radar site affording better natural screening, or (d) nodification
of the coverage requirenents (requires coordination with Air Traffic division).
If clutter is not seen to present a serious operational problem consideration
may al so be given to lowering the antenna tilt angle below its maxi num val ue
t hereby achieving better |ong range coverage of low altitude targets. This
action, of course, will increase ground illum nation and worsen any existing
clutter problens.

82. TANGENTIAL COURSE ANALYSIS. Each siting analysis should include exam na-
tion of potential tangential course problenms which may be associated with the
particular site. Such an analysis wll indicate the presence or absence of
tangential courses which for the radar's nti recelver, cancausel ossof targets
in the controlled airspace. Techniques to be followed are described in detai
in paragraph 39f of chapter 3. Basic procedures are outlined bel ow
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a. Procedure. On a coverage chart (FAA Drawing E-6201), figure 4-24,
centered about the radar site, locate all significant air routes and note
target ground speeds for each as determined during prelimnary siting data
acquisition. The los boundary diagram already contains this data and may be
used for tangential course analysis. For each target path within the bounda-
ries of nmi usage which approach tangency with a circle about the radar

(1) Construct a perpendicular fromthe radar site to the extension
of the airway path.

(2) Determine the maxi num dropout region length, Ly, fromfigure
3-46, using the previously determned target ground speed for the airway in
question, and assuning the mninum detectable radial velocity, v.,,is 15 kt.

(3) Deternine the actual dropout distance, Lg, by noting the length
of overlap(if any) of the airway with the region Ly . This is illustrated
in figure 4-24

(4) Evaluate the duration, Ty, of coverage loss for any Ly deter-
m ned above fromfigure 3-48. Conpare this with the maxi num tol erabl e drop-
out time, TD, as determned from equation 4-22

120
TD - T (4-22)
r
wher e
VY = radar scan rate (rpm
T, = 24 sec (ARSR- 3) . (4-23)

Referring to the polar coverage plot of figure 4-17, it can be seen that the
V-2 airway is tangent to a radial fromthe radar site at point 'T', at a dis-
tance D= 55 nm fromthe site. Referring to figure 3-46 and assunming a 400-
knot aircraft ground speed, an Ly, = 4.5 nm with a dropout tine of 40 seconds
woul d be expected. This exceeds the 24-second maxi num tol erable dropout time
and, therefore, could cause tangential course problens.

b. Analysis. In cases where for each tangential course T4 < Tp, there
are no intolerable signal losses and the site can be considered ?ree of sig-

nificant tangential course problenms. \Were one or nore courses existinwhich
T4 > TD, however, coveragel osses willoccur. Theseproblems should be resol ved
by either (1) selecting another site, (2) nodification of air route patterns,
or (3) acceptance of the situation. The latter approach will require coordi-
nation and agreenent by both Air Traffic and Flight Standards division repre-

sentatives
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FIGURE 4-24 ILLUSTRATION OF TANGENT!IAL COURSE
ANALYSIS
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83.  SECOND-TI ME- AROUND ANALYSIS.  Second-tine-around (sta) echoes are pro-
duced by targets or clutter at distances greaterthanthefirst rangeanbiguity.
|f of sufficient amplitude, target returns fromthe sta. region are detected
and displayed at an apparent range equal to their distance beyond the point

of anbiguity. Sufficiently strong clutter fromthis region will also be dis-
played; it is not cancelled in the nti receiver whenthe radarprf is jittered
In order to cancel the second-time-around clutter, the variable interpulse
transmi ssion nust be changed to a fixed interpulse period. RAG (Range and
Azinmuth Gate Generator) gates are used to provide a fixed interpulse period
in selected azimuth sectors for this purpose. A brief investigation of poten-
tial sta problens should be carried out as part of radar site selection. This
may be done as indicated bel ow.

a. Procedure. From maps and aeronautical charts, locate air routes and
large clutter sources (prinarily nountains) at ranges from200 to 600 nm .
Determne their height and their los visibility fromthe radar site. This
may be done with the aid of screen angle calcul ation techniques devel oped for
previous analyses. The visibility determ nation should also consider the ef-
fects of local atnospheric conditions which may cause the effective earth
radius factor, k, to take on values higher than the nornmal value of k=4/3,
Once visibility is established, the follow ng procedure is followed for eacn
visible airway or clutter echo source

(1) Deternmine Detectability. Estimate radar cross section for the
distant target/clutter object, and determne detectability, This may be done
using radar coverage diagrans plotted in figures 3-1 and 3-2. \Mere necessary,
these curves may be extrapolated for larger targets by noting that range cov-
erage increases as o*, other parameters remaining fixed. |If the estinated
target/clutter is detectable at the true range, sta echo can be expected.

(2) Apparent Echo Range. In cases where distant targets/clutter are
detectabl e, determne the apparent echo range, R,, and azinuth. The apparent
azimuth corresponds to the true azimuth of the echo source; apparent range is
found fromthe relationship given below and figure 2-7 which gives val ues for
t he ambi guous range

R, = R-R

a A
wher e
R = true range of echo source
R, = near est ambi guous range less than R

b, -Analysis. Once all second-tine-around echoes are determined, their
apparent ppi position should be conpared with the |ocation of normal returns
fromtraffic in the controlled airspace. |If confusion of echoes represents a
threat to safe operations, consideration should be given to (1) altering the
radar prf to a value which places sta echoesat | esstroubl esone ppi positions
(this would require coordination with Frequency Managenment personnel)

(2) using the rag to provide a fixed interpulse period in the azinuth sector
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affected to permt nti reduction of the eta, (3) changing antenna height/tilt

to reduce sta visibility or detectability, or (4) selecting an alternate radar
site.

SECTION 6. SI TE ENVI RONMVENTAL ANALYSI S

84. GENERAL. An environmental assessnment nust be conducted as part of the
Site selection process to assure that the new ARSR/ATCBI site will not produce
an unacceptable environnental effect, and further to assure that all activities
related to site devel opment are perfornmed in conpliance with both the NEPA

| aws and FAA environnmental protection policies

85. RESPONSIBILITY. The environnental assessnent should be carried out by

the duly designated Airway Facilities division staff menber using data collect-
ed by the site survey team Collection of any additional data required for the
environmental assessnent is the responsibility of the personnel preparing the
assessnent.

86.  PROCEDURES

a. Ceneral. Environmental assessnent documentation should be prepared in
accordance wth the policies and procedures set forth in the latest edition of
Order 1050.1. Upon conpletion of the assessment a determnation is made
whet her establishment of the planned ARSR/ATCBI site is or is not a major
Federal action significantly affecting the quality of the human environment.
This determnation will be followed by preparation of an Environmental |npact
Statement (EIS) or Finding O No Significant Inpact (FONSI), as appropriate.

b. Considerations. In preparing the environmental assessment, a nunber
of environmental factors nust be considered, as indicated in Oder 1050.1
They include

(1) Noi se I npacts.
(2) Air Qality Inpacts
(3) Water Quality Inpacts.
(4) Social |npacts.
(5) Land Use | npacts.
(a) Special Use Areas.
(b) Historical and Archaelogical Sites.
(¢) Fl ood Hazards.
(d) Wetl ands.

(e) Coastal Zone Managenent.
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(£) Energy Supply and Natural Resources Devel oprment.
(g) Wldlife and Waterfow .
(h) Endangered Speci es.
(i) Solid Waste Disposal.
(6) El ectromagnetic and Li ght Em ssions.
(7) Visual Inpacts.

c. Analysis of the environmental effect of establishing an ARSR/ATCBI
site at the candidate location(s) should consider the probable inpacts, both
beneficial and adverse, of such an action ofr each of the factors indicated
above. Enphasis should be given to:

(1) Actions which will be taken to enhance beneficial inpacts.

(2) Identification of those adverse effects which are unavoi dabl e.

(3) Actions which will be taken to mnimze unavoi dabl e adverse
ef fects.

(4) Alternatives to the planned action.

SECTION 7. COST ANALYSI S

87. CENERAL. A conplete cost estimte shall be prepared for each site sur-
veyed. This will include all pertinent cost factors necessary to insure that
the conpleted site, buildings, associated structures and site access wll be
adequate for the purpose intended. Unusual cost factors due to unique |oca
condi tions should be accurately defined and justified. Additional supplenen-
tary analyses may be required to establish realistic cost estimates.

88. COST I TEMS. The cost itens which nmust be considered for an ARSR/ATCBI

site are indicated below. This may be done with the aid of FAA Form 2500- 40,
Cost Estimate Form as illustrated in figure 4-25.

a. Engineering.
(1) Gvil.
(2) Electrical.
(3) Drafting.

bh. Construction.

(1) Supervision.
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FIGURE 4-25 COST ESTIMATE FORM FOR ARSR /
ATCBI SITE ANALYSIS

- DATE PREPARED
COST ESTIMATE = FY 19

DETAIL SUMMARY
ITEM EXPLANATION AMOAUNT AMOENT TOTCALS

SECTION A = REGIONAL COST
1] ENGINEERING

A CIVIL ( man deys 4 § ) 3

8| ELECTRONIC ( man deys @ 8 )

C{ DRAFTING ( man days & 8 } .

|°] TOTAL ENGINEERING : S
2] CONSTRUCTION )

Al SUPERVISION man days @ $ )

B| SITE PREPARATION

C | ACCESS ROADS AND PARKING AREAS

O | BUILOING/TRAILERS

E | ENGINE GENERATOR

FIUTILITIES

G| CABLE INSTALLATION/ANTENNA STRUCTURES

H | INITIAL SUPPLIES AND WORKING EQUIPMENT /Schedule B items)

1 [ oFFICE FURNITURE

J |REGIONAL PURCHASES

K | REGIONAL FREIGHT

Li

M

N | TOTAL CONSTRUCTION - = NONE REQUIRED

ELECTRONIC INSTALLATION
A INITIAL SUPPLIES AND WORKING EQUIPMENT (Schedule 8 items)

8 | REGIONAL PURCHASES
C |REGIONAL FREIGHT
D [ INSTALLATION
[
3
G
H TOTAL ELECTRONIC INSTALLATION =’ NONE REQUIRED
4| FLIGHT INSPECTION Hours + $ per hour)
5 /Sum of Lines 10 + 2N « Jit » 4) SUBTOTAL - REGIONAL COST $

[SECTION 8 - WASHINGTON OFFICE COST
6| CONSTRUCTION MATERIEL

A | ATTACHED FAA FORM 3871 $
B | PROVISIONING
C ! FACTORY INSPECTION
0 TOTAL CONSTRUCTION MATERIEL - NONE REQUIRED s
T|ELECTRONIC EQUIPMENT
A[ATTACHED FAA FORM 2871
B8 | PROVISIONING
¢ | FAcTORY INSPECTION
D TOTAL ELECTRONIC EQUIPMENT - . NONE REQUIRED
8| FREIGHT (Washi Oftice)
A | FOR CONSTRUCTION MATERIEL
8 | FOR ELECTRONIC EQUIPMENT
[ TOTAL FREIGHT - _ . _NONE REQUIRED
9 (Sum of lines 6D + 7D + 8C) SUBTOTAL WASHMINGTON OFFICE COST BL
o . . (Sum of Lines 5 +9) UNIT TOTAL s
PROJECT TITLE: PRIORITY I'I'OEM REGION| PAGE
NQ.,
LOCATION: |
N ——
FAA Form 2500-40 (7671 suPeRSEDES FAA FORM 2635.1 € FAAACTETUS
Chap 4
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(2) Site Preparation.
(3) Access Roads and Parking Areas.
(4) Building (Electrical/Mechanical/Plunbing).
(5) Engi ne Generator and Fuel Tank.
(6)Uilities (water, sanitary, electrical service).
(7) Special 3¢ Electrical Service.
(8) Antenna Tower and Cable Installation.
(9) Initial Supplies and Wrking Equi pment.
(10) Office Furniture.
(11) Purchases.
(12) Freight.
(13) Property Procurenent/Lease

c. Electronic Installation.

(1) Purchases.
(2) Freight.
(3) Installation Costs.
(a) ARSR.
(b) ATCBI.
(c) Ancillary Equi pnent.
(d) Site Test and Flight Check.

d. Flight |nspection.

e. Support Items (e.g., garage, emergency crew quarters, Over-snow
vehicle and garage, sSite security provisions, etc.)

f. Mintenance Costs (Annual).

(1) Staff.
(2) Housing/ Qperations.

Chap 4
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(3) Travel.

g. Annual Leased Communi cations Service.

(1) Cable Cost (anortized over ten years).
(2) Tariff for Leased Grcuits (including one regular exchange |ine).

89. COST ESTI MATE PREPARATION. An estimate considering all of the above cost
factors should be prepared for each candidate site. Additional supporting

cost estimates should al so be prepared for each support itemrequiring con-
struction (e.g., garages, energency quarters, etc.). Sone of the cost itens
may require supplenentary analyses as indicated below. [|f relative maintenance
costs are substantially different between candidate sites, the life cycle,

mai nt enance costs should be considered in site selection

90.  SUPPLEMENTARY ANALYSES

a. Gounding System In order to properly estimate site electrical con-
struction costs, a prelimnary design for the site grounding systemis required
This ground design is dependent upon earth resistivity and soil data collected
at the site survey. Design analysis and cost estimates should follow guide-
lines and procedures described in the latest edition of Oders 6950. 19,
Practices And Procedures For Lightning Protection, Gounding, Bonding, And
Shiel ding Inplementation and 6950.20, Fundanmental Considerations of Lightning
Protection, Gounding, Bonding, And Shielding.

b. Oher Analyses. In addition to conducting the siting anal yses de-
scribed above, the engineer should undertake such other studies as are required
for the resolution of specific problens related to the particular siting
operation in question, Among these supplenentary studies, he should locate
any required RVML equi pment associated with the particular site. RW siting
information is necessary for accurate estimation of the cost of establishing
an ARSR/ ATCBI site

91. COST SUMMARY. Upon conpletion of all'principal and suppl enentary cost
estimates, a sinple one-page summary of the information should be prepared to
aid in site conparison. A representative exanple of such a summary i s shown
in figure 4-26, reproduced fromreference 16.

SECTION 8. SITI NG REPORT

92. PURPOSE AND SCOPE. The purpose of the siting report is to describe and
sumarize the results of the investigations, surveys, and anal ysis associ at ed
with the siting effort. It is intended to provide a record of, as well as an
engi neering data source for the site, and may be regarded as the source file
for information relative to the construction, installation, flight check, and
commssioning of the site. The siting report should present the necessary
information in a logical formreadily understandable by the user, and al
pertinent data which has a bearing on the recommendations as to site suitabil-
ity or preference shall be included;

Chap 4
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Figure 4-26. SUMMARY OF COSTS FOR THREE PROSPECTIVE SITES FOR
THE BEACH NORTH DAKOTA ENROUTE RADAR
SI TES
| TEM COSTS
A B C

PLANTS
Engi neering $ 69,500 $ 69,500 $ 50, 800
Construction Supervision 34,500 34,500 34,500
Site Preparation 9,200 9,100 9,100
Access Road 3,600 59, 000 95, 000
Bui | di ng Construction

& E/G Installation 169, 000 182, 700 192, 200
Water and Sanitation 38, 700 43,100 44,200
Tower Work 75,700 37,900 37,900
Schedul e B & Regi onal Purchases 6, 300 6, 300 6, 300
Property Procurenent 6, 100 6, 100 6, 100
30 Power Line 3,800 53, 200 32,300
Subt ot al $416, 400 $501, 400 $508, 400
ELECTRONI C
Engi neeri ng $ 59,100 $ Sane $ 45,700
Regi onal Purchase 1,000 Sane Sane
Installation 19,900 Sane Same
FI'ight Checks 34,000 Sane 22,700
Subt ot al $114, 000 $114, 000 $ 89, 300
SUPPCRT | TEMS
Enmergency Crew Quarters $ 0 $108, 700 $108, 700
Garage at LRR 17, 300 17, 300 17, 300
Over-snow Vehicle 0 16, 100 16, 100
Lower Vehicle Garage 0 26, 300 26, 300
Subt ot al $ 17,300 $168, 400 $168, 400
ESTABLI SHVENT TOTAL $547, 700 $783, 800 $766, 000
MAI NTENANCE OPERATI ONS
(Staffing, Housing, and Travel) $148, 300 $184, 700 $184, 700
ANNUAL LEASED
TOVWONICATTON™ SERVI CE $ 84,400 $ 81,900 $ 81,900
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93. REPORT CONTENT AND ORGANI ZATION. A sanple outline of the content and
organization Of (he siting report s given in appendix 4. The specific content
Is flexible and should be adapted as applicable to the particular siting ac-
tivities and findings. The basic organization format, where a statenent of

the problemand a sunmary review of results and conclusions precede the
detailed accounts, analysis and investigations, etc., should be adhered to

in order to provide for a quick and conprehensive review of the siting effort
wi thout resorting to details.

94,  DIL.STRI BUTI ON. A m ninum of nine copies of the report should be prepared
and the distribution of the report should include the following with a tota
of 11 copies being distributed

a. Local Site Airway Facilities Sector Chief, 1 copy.

b. Local Site Air Traffic Facility Chief, 1 copy.

c. Regional Air Traffic Division, 1 copy.

d. Regional Airway Facilities Division, 1 copy.

e. Regional Flight Standards Division, 1 copy.

f. Headquarters Air Traffic Service, 1 copy.

g. Headquarters Airway Facilities Service, 3 copies.

h. Associate Admnistrator for Aviatipn Standards, 1 copy.

1. Headquarters System Research & Devel opment Service, 1 copy.

SECTION 9. FINAL SITE SELECTI ON

95. REVIEW AND COORDINATION. In the event that final site selection is stil
in doubt, use of nobile radar equi pment shoul d be considered as a nmeans of
alleviating any final uncertainty. The final selection of the ARSR/ ATCRBS
site will require the concurrence and approval of a number of regional and

| ocal FAA offices. These offices, identified by the distribution |ist given
in the previous section, will be called upon to review the siting report and
present their objections, suggestions and/or approval of the findings and
recomendati ons described in the siting report. Conferences and meetings
between representatives of these offices and menmbers of the siting team
shoul d be held as necessary to present and discuss these views.

96. CONCURRENCE. Once agreenent between all cognizant offices has been
reached regarding the |ocation and requirenents of the ARSR ATCRBS site, an
appropriate approval /concurrence nmenorandum should be signed by a represen-
tative of each cognizant office. This memorandum should identify the site
selected wth reference to the siting report, noting all exceptions or changes
made with respect to the findings and reconmendations made in the report. It
shoul d then be inserted as a pernanent addendumto the siting report.

Chap 4
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10.
11.
12.

13.

14.

15.

16.
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APPENDI X 2
DATA FORMS
WORKSHEET FOR PRELI M NARY RADAR COVERAGE ESTI MATI ON
Assumed Antenna Height Radar Type ARSR-,
MSL Elevation Of Antenna Center Aicraft Type
. . Difference Maximum
Fix MSL Altitude Between Fix | Coveroge Ronge
Identification Of Fix 8A,?\tr_1tteé1no F ToC Fix
itude rom Coveroge
(Feet) (Feet) Diogrom, nmi )
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PRELI M NARY SI TE | NSPECTI ON CHECKLI ST

SITE INSPECTED : PAGE | OF 2

DATE : PERSONNEL :

SITE ACCESSIBILITY : (note roads or Improvements req’d, with est. of cost )

DATALINE/ RML REQUIREMENTS : ( availability of commercial telephone data service and
suppliers ; - as applicable)

ELECTRICAL POWER PROVISIONS : { avail. of ecomml. pwr. and lec.of nearest access pt. )

SANITATION : (note any sewer, water connections req’d. ; est. cost }

TERRAIN TYPE : { note gen. char. of terrain near site )

DRAINAGE : ( note any speclal grading/leveling req®ts.; ert cost )

ENVIRONMENT : (note nearby natural or other sources of harmful radiation, shock ,
vibration , corrorlve atmospheres, recreational or historic site,
environmentally sensitive areas, etc )

Page 2
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Appendi x 2
‘ (conti nued)

SITE INSPECTED : PAGE 2 OF 2

SURFACE TRAFFIC : (-est. length , dir. , dist. of visible roadways 8 R.R. lines )

SCREENING CHARACTERISTICS : ( est. range, ht. of close = In and distant scresning
objects for all azimuths )

AREA DEVELOPMENTS : (est. nature , extent of future developement In the site area )

CLUTTER 7/ LOBING ASSESSMENT : ( est. severity of clutter in unscreened areas , note
regions of poss. lobing )

REFLECTORS : ( note size, range of poteatially harmful reflectors )

' Page 3
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Site Identification

Site Location

5/31/83

SCREEN ANGLE SURVEY DATA SHEET

Longi tudc
Latitude

Survey Elevation { AGL)
Site Elevation {MSL)

Close -In /Low Angle Screen
Skyline / Distant Screen

Recorder

Dote

AZIMUTH
{Mag. Norih)

AZIMUTH

{True North)

SCREEN
ANGLE

From

To

From To

{uprical)

SCREEN DISTANCE{SCREEN DESCRIPTION OF
{Noutical Miles ) [ ANGLE SCREEN OBJECT

Estimated

Measured | { Rodor)

FAA-Form 6310-5 (12 -73)
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LOS COVERAGE WORKSHEET

SITE :

RADAR TYPE:

CONDITION 3

OLP-FAIR
O cP-HVY PRECIP

SITE LOCATION :

LATITUDE

LONGITUDE

SITE ALTITUDE :

SURVEY HEIGHT

ANTENNA HEIGHT:

FT MSL

“F T AGLPATE :

FT MSL PREPARED BY:

®

©

©)

® | ®

©

® (O

@

® ©

i Fix FIx Fix Fix Adell Adj.Fix Measured R h d ar
No. Nom. Of Fix Azimuth | Ronge |Height |Elevation Elevation| Height | Screen | Screen LOS Coverage TR“:j Angserlzo:
Angle [((F)-0. 1°) Angle |Altitudes adar 9
(DegTrue) | (n.m.) [(F1.MSL)| (Deg.) | TDeg.) (F1.mMsL) B398 (Ft| MSL) vds Np Maw LPC ¢ P C|CP-F

Aaximum Tift Anglo For Coverage Of Ail Fixes

7 XTpuoddy

€8/1€/S

ST 0%€9
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RADAR LOS ALTITUDE RANGE CUTOFF

WORKSHEET

SITE IDENTIFICATION :

4000

SITE COORDINATES : - - DATE :
ANTE NNA HEIGHT FT MSL LONG. LAT. PREPARED BY.
A 2 3 4 5
AZIMUTH RADAR SCREEN RADAR LOS CUTOFF RANGE IN N.M.
(True North) DISTANCE SCREEN ALTITUDE IN FEET
From To SCREEN ANGLE NM OBJECT[ g9 eoo | 1000 | 2000 | 3000

8000

- g —

FAA Form 6310 -2 {l1=-73)
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RIS: BU 2500~
F Py ! - PROGRAM IDENTIFICATION PROGRAM PROJECT LOCATION RUNWAY
suB- 5
- ] A x 4
coSsT I PROJECT COOE oRIGI-| mission | 2 g - ; g 3 x g .“-,
ESTIMATE a2 aciLITY work &, | NA- MR 10 B -
SUMMARY E1 et cooe [2|TOR | ey [s| 3 Q22%] = al 2 =t
Y ) (1-2) (3-6) ()] (8-10) kan|(12-13) (14=15) |@6)| aD|a®)| (19-20)] (22-22)f (33-25) {(26-27) (280 (29-3p {(31+32
(F¥- | 11 | | 1] | IR l
REGIONAL COSTS
cArRD _LAST POSITION -TENTHS |OF THOUSANDS
DETAIL SUMMARY
ITEM COL. NO. AMOUNT AMOUNT TOTALS
A A < mbdovronsms £
1 PLANT LA PLANT ENGINEERING ( man-deys + other costa) (33-36) R
ENGI~ 8. DRAFTING ( man-deys + other coats) (37~40) . .
NEERING "M yone nequined [c. TOTAL ' S i
2. ELEC. |_A: ELECTRONIC ENGINEERING ( man-days + other coata)|* (41~44) N
TRONIC | m. ORAFTING ( man-days + other coats) (45-48) .
ENGIN. "I nong rEqQuireD le. TOTAL o ¥ |
A. LABOR ( . man-daye) (49-52) - :
- 35'1_%%“6 B. OTHER CONSTRUCTION COSTS (Except land acquisition) (53-56)
a TION €. LAND ACQUISITION (5760)
5 (I~nowne rEQuinED lo. TOTAL !
6164
& ELEC- A, LABON ( man~dayas) (61 )
TRONIC | 8. OTHER INSTALLATION COSTS (65-68)
INSTAL. "™ 5GE REquingD lc. TOTAL
S, FLIGHT INSPECTION ¢( hours at 8 per hour) (69-72)
6. REGIONAL UNIT COST |
FOR WASHINGTON 7. REGIONAL COSTS REVISED [ 8. MASS CHANGE INDICATOR [
OFFICE USE ONLY (It *Yes’*, enter ““C** in box) (73) (I **Yes’, enter *‘M** in box) (74)
] 9. SUMMARY OF MANPOWER REQUIREMENTS 8Y CATEGORY (Man-Days)
N :
E LINE NO. (17) 7 PLANT ENG(D)] BLEC ENG(2) | cOnsTR (3) |eLEe nsTL. @]FLT (N3P (3) [cosT cTm MASS CHG.
N1
ACTION (18) (33-36) (37~40) (41-44) (45-48) (49-51) (52-56) (74)
LINENO, (17) 8
acTioN (18) WASHINGTON OFFICE COSTS
A, EQUIPMENT LIST ATTACHED (33-37)
10. CON- [, mrovi (Parte ) % (38-41)
iT:UC' C. PROVISIONING (Other than parts common) % (42-45)
ION
MATE. D. FACTORY INSPECTION % (46-49) .
RIAL €. FREIGHT % (50-33)
" [ ~onk mzouirzo | ». TOTAL . i
A, EQUIPMENT LIST ATTACHED (54-58)
11. ELEC-| B: ® ROVISIONING(Partscommon) % (5962) N
| TRONIC | C. PROVISIONING (Other than parts common) % (6366)
! EQuUIP- [0 racTomy inspeEcTION % (67+70)
)| MENT K. FREIGHT % (21.74)
[ ] NONE REQUIRED . TOTAL -
12. F & E TRAINING % (75-79)
13. WASHINGTON OFFICE UNIT COST
14. TOTAL UNIT (Region +Woshingten Office) COST TEMPGRARY COSTS =
(If **Yea*’, enter **T** in box) (20)
REMARKS DATE
PROJECT TITLE BUDGET ITEM| PAGE NO.
ILOC ATION
AA Form 250040 PG 1  (e.71) sumemsEoEs PREVIOUS EDITION GPO ats-e2
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RIS: AF 2500-4

F & E PLANT COST ESTIMATE WORKSHEET (FY-

)

ITEM DESCRIPTION

PO

NPD

UNIT COST

TOTAL _COST

1. MO INITIAL SURVEY AND SITE INVESTIGATION

2. MD PRELIMINAAY SKETCHES, ORAWINGS, ETC.

3. MD FINAL SURVEY, LAYOUT, COORDINATION ETC.

4. MD SITE SELECTION REPORTS

ENVIRONMENT AL ASSESSMENT

RING
-3
T
[«]

6. MO CIVIL ENGINEERING DESIGN, SPECIFICATIONS, ETC.

7. MD MECMANICAL ENGINEERING DESIGN, SPECIFICATIONS, ETC.

8. MO ELECTRICAL ENGINEERING DESIGN, SPECIFICATIONS, ETC,

9. MD TEMPORARY FACILITY

10, MD TECHNICAL SUPERVISION, FOLLOW-ON SUPPORT

1. MD CLEAR EXCEPTIONS, AS BUILT ORAWINGS, ETC.

12. MD.OTHER ENGINEERING (Explain)

13. TOTAL PO MANDAYS (Lines 1 - 12)@3 Per MD

4. TOTAL NPD MAN-DAYS (Lines 1 - 12) @ $ Per MD

15. TOTAL PD & NPD MAN-DAYS (Lines 13 & 14) = YAW DAYS

16. OTHER ENGINEERING COSTS
A. SITE SURVEY WORK (Tree clearing, grading etc. lor site tests)

8. ENGINEERING SUPPLIES AND EQUIPMENT

C. ENGINEERING CONTRACT FOR SITE SURVEY

D. A’E CONTRACT FOR DESIGN

K. OTHER ENGINEERING COSTS (Explain)

A. GIVIL, MECHANICAL |[AND [ELECTRIGAL ENGINE

17. PLANT ENGINEERING COSTS (Lines 13, 14 & 16)

1. MO PLANT ENGINEERING SKETCHES, FINAL DRAWINGS, KTC.

g 2. MD AS-BUILT DRAWINGS

| 5. TOTAL MAN-DAYS (Linea 1 &2)= MDD @ 3 Per MD

l: 4. OTHER ODRAFTING COSTS (Explain)

o

]

i 3. TOTAL PLANT DRAFTING (Linee 3 & &)
1. MO RESIDENT ENGINEER FOR CONSTRUCTION CONTRACT
2. MD GOVERNMENT FORCE CONSTRUCTION SUPERVISION
3. MD GOVERNMENT FORCE CONSTRUCTION (Explain)

z

9

-

(8]

]

[ d

-

in

3

O

4. MO R!!loN‘L SHOP WORNK
JOB ORDER NUMBER PROJECT CODK

— =
TYPE OF ESTIMATE (Redar, communications, automation, ef

f—
EETIMATOR PROJECT TITLE

REVIEWER
LOCATION

FAA Form 2500-40 PG 2 (4.7

SUPERSEDKS PREVIOUS EDITION

Page 10
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ITEM DESCRIPTION . PD NPO UNIT COST TOTAL COST
8.MD FLGHT CHECK, JOINT ACCEPTANCE INSPECTION, CAPITALIZATICON, ETC.

6. MD PREPARED AS-BUILT DRAWINGS
7. MD SITE CLE AN-UP
8. MD OTHER CONSTRU CTION (Explain)

. TOTAL PD MAN-DAYS (Linea 1 -8)@$ Per MD
10, TOTAL NPD MAN-DAYS (Lines 2 -8)@$ Per MD
11. TOTAL PD & NPD MAN-DAYS (Lines 9 & 10) = MAN-DAYS

12. OTHER CONSTRUCTION COSTS
A, INITIAL SUPPLIES AND WORKING EQUIPMENT (Schedule B)

8. REGIDNAL FREIGHT

C. REGIONAL PURCH ASES (Explain)

O. UTILITIES: POWER, CONTROL WATER/SEWAGE SYSTEMS, ETC. (Explain) |

E. RF CASLE INSTALLATION: TYPE, LENGTH, ETC. (Explain)

~
:
y
)
. ACCESS ROADS & PARKING AMEAS: TYPE, LENGTH, NUMBER OF PARK-
; ING SLOTS, ETC. (Explain)
>
2
:
5 G. ANTENNA TOWERS & STRUCTURKES: NUMBER, MEIGHT, TYPE, ETC.
) (Exzplain)
) :
H. $ITE PREPARATION: CLEARING, EXCAVATION, LANDSCAPING, FENCING,|'
ETC. (Explain) :
1. BUILDING: NEW, EXPANSION, REFURBISH, TYPE, SIZE, HEIGHT, ETC.
(Explain)
J. ENGINE GENERATOR
K. OTHER COSTS: CONTRACTOR BONDS, INSURANCE, DISMANTLING OF
OLD SITES, ETC. (Explain)
A
13. SUB-TOTAL (Lines 128 - &)
14. CONTINGENCIES ( o of line 13)
15. TOTAL OTHER CONSTRUCTION (Lines {3 & 14)
16, LAND ACQUISITION COSTS
17. TOTAL CONSTRUCTION (Sum of lines 71, 15 & 16)
IEMARKS

GPO $18-028
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UNIT COST

RIS: AF 25004
F & E ELECTRONICS COST ESTIMATE WORKSHEET (FY- ) oATE
. ITEM DESCRIPTION PO | NPD

1. MD FIELD SURVEY AND INVESTIGATION

2. MD SITE SELECTION COORDINATION. REPORTS ETC.

3. MD SITE TESTS

4. MD TEMPORARY FAQILITY

8. MD TECHNICAL DESIGN, DRAWINGS, SPECIFICATIONS, ETC.

$. MO TECHNICAL SUPERVISION FOLLOW-ON SUPPORT

7. MD CLEAR EXCEPTIONS, AS-BUILT DRAWINGS, ETC.

8. MD OTHER ENGINEERING (Explain)

TOTAL COST

)
Zz

4

w

¥

ol TOTAL PD MAN-DAYS (Lines  -8)@$ per MD

Z |10 TOTAL NPD MAN-DAYS (Lines £ - 8@ § per MD

< |11 TOTAL PD & HPD MAN-DAYS (Lines 5 & 10) = MAN-DAYS

12. OTHER ENGINEERING COSTS
A. ENGINEERING SUPPLIES AND EQUIPMENT

B. SPECIAL EQUIPMENT FOR SITE TESTS

C. ENGINEERING CONTRACTS FOR SITE SURVEY

O. ENGINEERING CONTRACTS FOR DESIGN

E. OTHER ENGINEERING COSTS (Explain)

13. TOTAL ELECTRONIC ENGINEERING COSTS (Lines 9, 10, & 12)

1. MD SKETCHES, FINAL DRAWINGS ETC.

2. MD AS-BUILT DRAWINGS

3. TOTAL MAN-DAYS (Lines ! & 2)= Mpes per MD

4. OTHER DRAFTING COSTS (Explain)

B. DRAFTING

8. TOTAL ELECTRONIC DRAFTING (Lines 7 & 4)

1. MD RESIDENT ENGINEER FOR INSTALLATION CONTRACT

2. MD SUPERVISION OF FIELD CREW

3. MD INSTALL RACKS, DUCT. WIRING, ETC. AT REMOTE FACILITY
(VOR, RCAG, ARSR, ILS, etc.)

4. MO TUNE UP AND ALIGNMENT AT REMOTE FACILITY

8, MD INSTALL RACKS, DUCT, WIRING, ETC. AT CONTROL FACILITY
(ARTCC, FSS, ATCT, etc.)

6. MD TUNE UP AND ALIGNMENT AT CONTROL FACILITY

7. MO FLIGHT CHECK FACILITY

8. MD JOINT ACCEPTANCE INSPECTION, CAPITALIZATION, ETC.

C. INSTALLATION

9. MD PREPARED AS-BUILT DRAWINGS

10. MD SITE CLEAN-UP

11. MD DISMANTLE OLD EQUIPMENT

12. MO INSTALL AND TUNE UP TEMPORARY FACILITY

408 ORDER NUMBER PROJECT CODE

TYPE OF E£STIMATE (Radar,

ions,

ion, stc.)

ESTIMATOR PROJECT TITLE

REVIEWER
LOCATION

FAA Form 2500-40 PG 3 (¢.77) suPersEDES PREVIOUS EDITION

Page 12




6340. 15
5/31/83 Appendi x 2

ITEM DESCRIPTION PO NPD
13. MO DISMANTLE TEMBORARY FACILITY

UNIT COST TOTAL COST I

14. MO REGIONAL SHOP WORK

18. MD OTHER INSTALLATION (Explain)

16. TOTAL PD MAN-DAYS (Lines 1 - 14)@ $ psr MD

17 TOTAL NPD MAN-DAYS (Lines [ -14)@$ per MD

18. TOTAL PD & NPD MAN-DAYS (Linee 16 & 17) = MAN-DAYS
19. OTHER INSTALLATION COSTS

A. INITIAL SUPPLIES AND WORKING EQUIPMENT (Schedule B items)

« REGIONAL FREIGHT

« REGIONAL TURNKEY INSTALLATION CONTRACT

- RENTAL COSTS FOR SPECIAL TOOLS AND EQUIPMENT

mijo|nijoe

. REGIONAL PURCHASKES (Explein)

F. OTHER (Specily and explain)

C. INSTALLATION (Cont)

20. SUBTOTAL INSTALLATION (Except laber) (Lines 159 - 1)

21. CONTINGENCIES ( % of line 20)

22. TOTAL OTHER INSTALLATION COSTS (Except laber) (Lines 20 & 21)
23. TOTAL ELECTRONICS INSTALLATION (Linees 18 & 22)

24. FLIGHT INSPECTION ( hours at $ per howr)
REMARKS

SPO 10024

Pages 13 & 14



5/31/83 6340. 15
3 Appendi x 3

APPENDI X 3
COMPUTER PROGRAM FOR RADAR LI NE- OF- SI GHT PLOTS

Li ne-of -Site Cal cul ations

A polar plot of line-of-site coverage has proven to be a valuable aid for
predicting peformance of a new radar or UHF communications facility during
site selection and anal ysis procedures. Such a plot can be generated by
maki ng el evation angle measurements to the horizon (or other screening
object) with a surveying transit at many points in azinuth to obtain a
profile of the screening horizon around a prospective site. This data

can then be reduced to polar plots (figure 1) by graphical techniques of
plotting screening angle and desired aircraft altitude (figure 2) on 4/3
earth curvature charts to determne maximumline-of-site range. This is
rather tedious work; considering the fact that a detailed horizon profile
could have 200 or nore data points and 10 to 15 polar points may be desired,
consi derable time and | abor are required to properly analyze a site. Further-
&ore, if polar line-of-sight coverage charts are desired for different
antenna heights, one nust either conpute a new screening angle for each
data point or make new field measurements with transit heights equal to
each proposed antenna height. Either nethod requires many manhours.

A FORTRAN conputer program has been devel oped by Rocky ‘Muntain Region

engi neering personnel to reduce this horizon profile data with a m ninum

of effort. This programuses an X-Y plotter to draw a polar plot on tracing
paper .

The program requires screening angle data to be entered and stored on a
permanent file in the system These files are stored on the Boeing timne-
sharing system

To use this program screening angle data fromfield data neasurenments

must first be entered into the conputer system This data woul d be recorded
on FAA Form 6310-S. This data must then be entered into a permanent file
inthe computer in a specified format. The file would be created as foll ows:

After logging into the systemwth a Teletype or other conversational terninal
enter NEW filenane CR (where filenane is any al phanuneric name desired
having one to six characters, and CR represents carriage return. The system
responds:

READY
The data nust be entered as foll ows:
Al'l lines begin with a 3-digit line nunber followed by a space. The first

line contains the site elevation (MSL) and the survey transit height in
feet.
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Exanpl e:

001 02475.0 25.4

Deci mal point |ocationsmust be observed and used. Successive lines contain
screening data as foll ows:

002 011 00 +01 08.20 020 00 +05 12.50 030 10 +00 25.00 041 15 -02 15.00
003 050 35 -08 18.50 059 00 -15 25.00 070 05 -12 30.00 082 15 -10 28.00

006 262 00 +04 15.00 285 30 +00 15.00 310 00 -01 12.80 335 20 -01 13.50
007 350 00 +00 10.00 360 00 +01 08.50

The general formis:

NNN AAA BB CCC DD. DD AAA BB CCC DD. DD ---

N - Line nunmber digits
A - Azimuth degrees
B - Azimuth m nutes
C - Elevation angle in mnutes include + or - sign.
(3 digits can be used and will be assunmed positive by the conputer)
D - Distance to screening object in nautical mles.

The 360.00 point must be entered as this tells the computer to stop the
conputation process.

Azimuth angles, ranges, and identification of various fixes or |andmarks
may be entered into the data file to provide marks on the polar plots for
reference points. (VORTAC's,cities, airports, intersections)

These are entered as foll ows:

029 005.7 008.5 HANCO
030 074.5 021.0 SANDD
031 104.5 003.8 VOR

032 087.0 021.6 TERLI
033 124.5 021.6 HAZON
034 139.0 006.8 EP_LJ

10 Characters Maxi num

Any number of these fixes or landmark points may be entered. Fix nanes
are linted to 10 characters. The general formis:

NNN XXX.X YYY.Y AAAAAAAAAA
- Line nunber digits
- Azimuth angles to fixes in degrees (045.3)

N
Y
Y - Ranges to fixes in nautical mles (015.2)
A- | to 10 character al phanuneric fix name

Page 2
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FIGURE 1. RADAR LOS BOUNDARY DIAGRA!

NOTES: 1l. Range is in nautical miles.
2. K factor is 4/3. TRUE
NORTH
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After all data is entered, type:

SAVE(CH

The system will respond READY and the (dat a | S now saved as a permanent file.

The following pages show | istings of two sample data files: one for near
hori zon profile and one for far horizon profile.

The program uses . Boei ng-owned plotter to plot polar coverage charts
on tracing paper. Using a 200 WM maximm range, this draw ng
size Wi || overlay directly on sectional aeronautical charts, scale:
1:1,000,000. Any ot her maximum range "By be. used and t he polar pl ot
will be automatically scal ed for proper size. Because these plots

a{e drawn at a Boeing center, mailing nust be used to deliver finished
plots

The plotter is man as foll ows:

¥>GET,LOSPLTE/UN=YFA093 Bee Note 1
¥>LOSPLTE(ERODNL=XXOX ) €=

MAXTMUM RANGE OF INTEREST (MM)=I>200

SITE DESIRED=I>BISF1

ANTENNA HEIGET (FEET ABOVE GROUND)=I>62

AFTER QUESTION MARK, ENTER ALTITUDE CONTOUR DESIRED
ENTER 0 (ZERO) TO STOP PROGRAM

I>2500

1>5000

1~10000

I>15000

$>20000

I>25000

I>30000

1>0

'If the plot requires both a near and & far horizon profile them it is run
as follows:

¥>GET, LOSPLTE/UN=YFA093
N>-LOSPLTE
MAXIMUM RANGE OF INTEREST (MM)=I>200
SITE DESIRED=>TWO
AEAR HORIZON PROFILE NAMP=I>BISN1
FAR HORIZON PROFILE NAME=I>BISF1
ANTENNA HEIGHT (FEET ABOVE GROURND )=I>62
AFTER QUESTION MARK, ENTER ALTITUDE CONTOUR DESIRED
ENTER O (ZERO) TO STOP PROGRAM
I>»2500
1>5000
1>10000
I>15000
1>20000
1>25000
I>30000
1>0
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BAMFLE DATA FILE

dear Norizon Profile

Appendix 3
N>OLD,BISN]1
NO>LNH
001 01671.1 028.0 B1S NEARIL
Go2 000 00 20 o018 005 4 21
ou3 018 26 22 01.37 021 30 20
004 029 01 22 01.44 034 02 21
UUS 035 13 21 01.22 U4U 45 20
Uue 053 3U 16 01.95 055 22 15
VU7 U4 58 -13 01.56 Ub7 28 =20
008 081 15 -2U 01.35 085 12 -20
009 096 00 -20 01.43 101 15 -17
VX0 109 40 -12 01.87 111 40 -01
Ull 121 4U =01 01.87 127 00 00
Ul2 137 30 U2 01.75 142 45 03
Ul3 156 S0-10 02.65 158 40 -10
Vld 166 30 =UB 02.28 16Y 31 -05
015 186 30 -05 03.14 187 00 -06
016 199 23 03 03.63 207 00 03
017 213 01 03 03.39 218 06 o7
Uly 220 5S4 19 00.88 227 45 24
Uly 24u 4> vl 03.05 242 45 01
U20 253 4U U2 03.26 257 38 01
021 212 02-03 03.32 277 28 -03
Y22 288 30 =03 US.U1289 15 -03
U23 298 38 1u 05.08 299 53 10
024 307 47 10 02.98 314 38 10
025 321 58 10 01.98 324 10 10
U260 324 38 10 02.00 331 45 10
U27 342 15 10 02.01 346 10 11U
V28 357 41 20 V1.68360 00 2V
V29 274.1 083.9 DIK
U300'14.5 U21.0 SANDD
u3l 104.5 003.8 VOR
U3234b.2 UY1.7 MDT
U33 124.5 021.6 HAZON
034 13Y.0 UUL.8 COLLJ
U3SS| Y 1 .5 UiIB.V SOLEN
Usv 27/2.0 Ul4.3 SACCO
us7 290.0 021. 3 NOWNS

u3y
03y
('L 17)
u4ql
vaz
'L X

Page 6

Ji0.0 V22.4
U42.3 1UY.
uss.v uls5.

PI PPY
S LVL
4 JIMS

11M7 121.4 ARR
2vu2.1 1lu9.9 DPR

145.2172.2

PIR

349

10
1u
41
12

38 -

2y
58
00
20
11
25
45

-1l

-03

0l.82
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OLD,BISFl

ND>ENH
001 01671.1 028.0 BIS PAR)Y
V02 UUU UU 22 U6.09LUS a0 28
Uu3 uaB 26 25 06.09 021 30 20
UU4 V2901 2803.92 034 02 25
U5 0351325 02.61 040 45 19
UU6 US3 3U1l804.62 055 22 17
UU7 V64 U806.09 067 28 07
ou8 081 15 11 07.65 085 12 12
009 u9s 00 20 05.76 101 15 25
010 109 40 31 03.27 111 40 26
Ol 121 40 28 04.35 127 00 25
022 137 3021 05.22 142 45 10
013 156 50 11 04.99 158 40 17
V14 166 30 37 03.48 169 31 31
015 186 3U34 UY.5718B700 34
016 199 23 22 10.01 207 00 20
V17 213 01 25 09.76 218 06 25
018 226 54 22 01.27 227 45 24
U1lY 2404522 08.49 241 45 22
020 253 4024 08.38 257 38 24
021 272 02 23 07.44 277 28 16
022 288 3U 12 07.83 289 15 16
023 298 38 18 08.92 299 53 20
024 30747 17 04.35 314 38 22
025 321 583003.15 324 10 35
U26 324 38 35 03.05 331 45 31
027 342 15 45 02.88 346 10 54
028 357 41 24 03.87 360 00 22
029 005.7 008.5 HANCO
030 074.5 021.0 SANDD
031 104.5 003.8 VOR
032 087.0 021.6 TERLI
033 124.5 021.6 HAZON
034 139.0 006.8 coL1d
035 191.5 018.0 SOLEN
036 272.0 014.3 SACCO
037 290.0 021.3 NOWNS
U3831U.0 U21.4 PIPPY

BAMPLE DATA FILE

Far Horizon. Prafile

uuy
025
034
046
057
069
089
103
115
132
149
159
175
190
212
220
229
247
261
282
293
302
315
324
337
349

u13
026
035
050
059
076
093
106
118
132
153
162
179
194
212
223
234
251
265
286
296
304
318
324
339
354

6340.15

Appendix 3
34 25 06.09
53 26 04.22
12 70 02.61
15 18 04.35
50 16 06.09
28 08 06.96
46 18 05.22
10 31 03.26
20 29 03.48
51 31 05.22
00 10 04.35
03 27 03.48
29 34 09.57
48 31 09.85
44 31 09.98
43 22 02.86
59 21 08.30
30 18 08.92
18 23 06.96
35 09 07.83
02 15 07.83
03 17 05.21
02 28 03.33
37 65 03.05
52 35 03.04
28 35 02.61
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The profil e names used in the two examples above are the file names created
using screening data. The program will switch from near to far horizon
profile data, as required, to obtain line-of-sight contours for the specified

altitudes.

When using both a near and far horizon profile data, i.oe.._ identical azimuths
must be used for each screening point. If azimuth 112715' is used fora
near horizon screening point, this same azimuth must be used for the far

horizon screening point.

If these azimuths do not match, the LOSPLTE will not run and the error
will be indicated as in the following example:

-LOSPLTE

MAXIMUM RANGE OF INRTEREST (NM) =I>60

SITE DESIRED=I>TWO

NEAR HORIZON PROFILE NAME= I>GTFN3

FAR HORIZON PROFILE NAME=I>GTFF3

ANTENNA HEIGHT (FEET ABOVE GROUND) =I>25

AFTER QUESTION MARK, ENTER ALTITUDE CONTOUR DESIRED
ENTER O (ZERO) TO STOP PROGRAM

I>k120
ERROR IN DATAAZIMUTHS DO NOT AGREE AZ=1T1.37 AZF=1T1.03

TYPE 'STOP' TO TERMINATE RUN I>STOP
$TERMINATED*

An antenna height does not have to be the same as the height the data was
taken. The program computes new screening angles. The following is
an example of a typical run of this program.

NOTE: 1. xxxxx = al phanuneric designation for local Boeing plotter.
ERODNL i s designator for Denver Boeing plotter.
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TYPICAL RUK OPF LOSPLTE
N>-LOSPLTE
MAXIMUM RANGE OF | NTEREST (NM)=1>200
S| TE DESIRED=1>TWO
NEARHORI ZON PROFI LE NAMVE- I>BISN1
FAR HORI ZON PROFI LE NAME=1>BISF1
ANTENNA HE|I GHT ( FEET ABOVE GROUND) =I>62
AFTER QUESTION MARK, ENTER ALT| TUDE CONTOUR DESIRED
ENTER 0 (ZERO) TO STOP PROGRAM
1>2500
1>5000
I>10000
1>15000
1>20000
1>25000
1>30000
1>0

THE SUB=
PLOT NO. 1 WITH THE TITLE
HAS BEEN COMPLETED.

PLOT ID. READS
PLOT 1 14. 25. 39 WBD 26 AUG, 1981 JOBsIN3A354 . 1ISSCUO DISSPLA VER 7.5

DATA FUR PLOT

PULAR PLOT

NU. O F CURVES URAWN 29

WUKLZUNTAL SCALE 17.5INS.

VERTLCAL SCALE , 17.5INS.

KADIUS STEP SIZE .lUUUE+UL UN1TS/INCH
THETA FACTOR .1745E-01UNITS/RADIAN

. LOCATION OF CURRENT PHYSICAL ORIGIN .
. X= 2.00 Y= 1.75 INCHES .
FROM LOWER LEFT CORNER OF PAGE
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THE sus-
PLOT NO. 2 WTH THE TITLE

HAS BEEN COMPLETED.

PLOT | D. READS
PLOT 2 14.26. 00 WED 26 AUG, 1981 JOB=IN3A354 . | SSCO

DATA FOR PLOT"

NO. oF CURVES DRAWN 2

#HOR1Z. AXIS LENGTH 6.5 INS

VERT. AXI S LENGTH 7.0 INS.

HORIZ. CRIG N 0. VERT. ORIGN 0.

HORIZ. AXI S LI NEAR
STKP S1ZE .1U00E+0) UNI TS/ | NCH

VERT. AXIS LI NEAR
sTer SI ZE  .1000E+01 UNI TS/ | NCH

. LOCATI ON OF CURRENT PHYSICAL ORIG N .
. Xs 2500 Y= u.ou | NCHES .
FROM LONER LEFT CORNER COF PAGE

PLOT NO. 1 WTH THE TITLE
HAS BEEN COVPLETED.
PLOT | D. READS

PLOT 1 14. 26. 43 WED 24 AUG,1981 JOB=IN3A354 . | SSCO
END DISSPLA -- 11633 VECTORS GENERATED IN 1 PLOT FRAMES.
8l/08/26. 14.26.59. FILE TAPE99 | S NOWJ(O8 IN3AKXV,

81/08/726. 14.26.59. LENGITH IN PRUS IS 44,
EXTT.

Page 10
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APPENDI X 4.  QUTLINE OF SITING REPCRT

PRELI M NARY PAGES

i. Title Page

ii. Foreword (describing authorization for siting, type equipment
to be installed, principal ARTCC served, period of study, and
names/titles of contributing personnel).

iii.Distribution Page

iv. Table of Contents

v. List of Illustrations

TECHNI CAL  CONTENT

. SUMMARY REVI EW OF RESULTS AND RECOMMENDATI ONS
A I dentification of Candidate Sites
B. Performance Conparison
L Coverage Capability

2. QO her Factors (e.g., false targets, lobing, clutter,
tangential courses, etc.)

C Environmental Factors

D. Summary Cost Conpari son

E. Site Selection Reconmendations
L. | dentification of Recormended Site
2. Coverage Deficiencies/Limtations

3. Recomrended Installation/Operational Paraneters
(e.g., antenna height, tilt, STC, RAG etc.)

4. Flight Check Recommendations
[1. SITING REQUI REMENTS

A ATC Requirements

1. Area Positive Contro
2. Jet Routes

Page 1
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3. Ai rways
4. Navai ds
5. O her

B. Equi pment / Oper ati onal Requirenents (e.g., frequency, prf, etc.)

I'11. PRELI M NARY | NVESTI GATI ONS

A Siting Area ldentification

B. Data From Prelimnary Site Visit

C Reasons for Rejecting Various Site Possibilities
D. Reasons for Selecting Sites for Detailed Survey

I'V. PHYSI CAL DESCRI PTI ON OF SITES SURVEYED

A Location (including topographical map(s))
B. MSL El evation

C Site Terrain/ Geol ogi cal Features (incl. soil condition,
slope gradients, etc.)

D. Surrounding Terrain Features (mountain, coastal, etc.)
E. Conpl ete FAA Form 402
F. Panor ani ¢ Phot ogr aphs
G Real Estate Data
1. Acreage of |and selected
2. Anticipated Area Gowh (10 yrs.)

3. Easements and RONrequirements for roads, utilities,
prevention of future construction, etc.

4. Name of Owner or Agent
5. Occupancy
6. Availability

1. Purchase or Lease Cost, Term

H. Met eor ol ogi cal / i mat ol ogi cal Data
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v. SITE PERFORVANCE ANALYSI S

. A Screening Profile Gaph

L LOS Coverage to Fixes

2. Recormended Antenna Hei ght
B. LOS Boundary Diagram (inel. air route coverage)
C Vertical ARSR Coverage
1 Range Coverage to Fixes
2. Recormended Tilt Angle
D. Beacon Coverage (incl. reconmended power)
E. Lobi ng Anal ysi s
F. Beacon Fal se Target Analysis
G. Clutter Analysis
1. Radar In-Clutter Coverage
2. Per manent Echoes
. 3. Surface Traffic
H. Tangential Course Analysis
I Second- Ti me- Around Anal ysi s
J. Summary of Recommended Paraneters

VI, ACCESS/ TRANSPORTATI ON

A Vehi cul ar Routes to Site(s)

L | nprovenent Requirements

2. Mai nt enance Requirenents (inel. snow renoval)
B. Area Transportation

L. Vehi cl e Routes/Access

2. Rai | Service
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3. Air Service (private and comercial)
4. Frei ght Service
VI1. UTILITY REQUI REMENTS/ DATA

A Commercial Electric Power
L. Supplier(s)
2. Pl ant extension requirements (show 3¢ powerline route)
3. Estimated Time/Cost to Provide Service

B. Energency Electric Power Requirements (incl. fuel tank
capacity)

C Commruni cations Service (regular telephone and | eased
data |ines)

1. Supplier(s)-
2. Pl ant Extension Requirements (show intended cable route)
3. Estimated Tine/ Cost to Provide Service
4. Mai nt enance Availability
D. Water & Sanitary

1 Al ternatives Considered (w cost, effectiveness data
backup)

2. Recomrended Approach

VI, SITE | MPROVEMENTS REQUI RED

A. Gading
B. Clearing
C Landscapi ng
D. Security
IX. OTHER DATA/ ANALYSES

A RVML Requirenents
L RVL PATH

Page 4
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X.
X .
X,

B.

2. Repeat er Requirenents

3. Estimated RML Tower Height/Location
4, Recommended Frequenci es

G oundi ng System

L Earth Resistivity Profile

2. Prelimnary Gound Design

3. Estimated Cost

ENVI RONVENTAL DATA/ ANALYSI S

A Noi se

B. Air Quality

C Water Quality

D. Social and Soci o- Econom ¢ | npacts

E. Speci al Use Areas

F. Hi storical and Archaeol ogical Sites
G Fl ood Hazards

H. Vet | ands

I Coastal Zone Managenent

J. Energy Supply/Consunption I|npacts
K. Construction |npacts

L. Endangered Speci es

M El ectromagnetic Interference/ Radiation Safety
N. Vi sual |npacts

COST ANALYSI S

A Construction

B. Housi ng, Personnel, Operations

EQUI PMENT AND SCHEDULE

6340. 15
Appendi x 4
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agl
aoc
ARSR
ARTCC
ASR
AT
ATC
ATCB
ATCRBS
ATD
CFAR
cos
cp
CcscC
CSS
DABS
dBir
dBm

dte
ECAC
ﬁis
EPA
FAA
FAR
FCC
fm
FONS
G-M

if
| FR

APPENDI X 5. GLOSSARY

above ground | eve

autonmatic overload contro
Air Route Surveillance Radar
Air Route Traffic Control Center

Ai rport

Surveill ance Radar

Air Traffic

Air Traffic Contro

Air Traffic Control Beacon Interrogator
Air Traffic Control Radar Beacon System
Air Traffic Division

Constant False Alarm Rate

cosi ne

circular polarization

cosecant

cross-section sensitivity

Di screte Address Beacon System
deci bel s above isotropic |eve
deci bel s --when a power of 1 milliwatt is the reference |eve
Departnent of Defense
Department of Transportation

digital

El ectromagnetic Conpatibility Analysis Center

target extractor

Environmental |npact Statement

Environmental Protection Agency

Feder al
Feder al
Feder al

Avi ation Adm nistration
Avi ation Regul ation
Communi cati ons Conmi SSi on

frequency nodul ation

Fi ndi ng

of No Significant Inpact

Gover nment - f urni shed materia
Hertz (cycles/second)
internmediate frequency
instrument flight rules

6340. 15
Appendi x 5
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ILS | nstrunent Landi ng System ‘
isls i nproved side-| obe suppression
kW ki | owat t

los |'i ne-of - si ght

1p | i near pol arization

nea mninumen route altitude

VERF Mobil e En Route Radar Facility
mhos reci procal of ohns

VHz megahert z

moca m ni num obstruction clearance altitude
not s modul ation oriented transmtter synthesis
sl mean sea |eve

nd movi ng-target detector

nti movi ng-target indicator

nmi nautical mle(s)

PAR preci si on- approach radar

pfa probability of false alarm

pd probability of detection

ppi plan position indicator

pPSs pul ses per second

prf pul se-repetition frequency

rag range/ azinuth gate

rci radar coverage indicator

rf radio frequency

rfi radi o-frequency interference
RML remote mcrowave |ink

rpm revol utions per mnute

s/c signal -to-clutter

sid standard instrument departure
sin sine

sl's si de-1 obe suppression

sin signal -to-noise ratio

Page 2
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sta
stc
t/r
TRACAB
TRACON
TSC

tv
USGS
VOR
VORTAC

second-ti me-around

sensitivity time contro

transmitter/receiver

termnal radar approach control in tower cab
termnal radar approach contro

Transportation Systems Center

tel evision

U S. Ceol ogical Survey

very-hi gh-frequency omnidirectional radio range

6340. 15
Appendi x 5

very-hi gh-frequency omidirectional radio range tactica

air navigation
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APPENDI X 6

USER' S GUIDE TO THE FAA RADAR COVERAGE
TI ME SHARE PROGRAMS

| NTRODUCTI ON

CVR& and CVRA O are conputer prograns in the FAA's CDC tine-share system
whi ch conpute signal-noise ratios of radar echoes for user-selected one-

or two-beam enroute oOr termnal surveillance radar. These prograns use the
radar range equation to conmpute the signal-noise ratios for multiple user-
selected values of aircraft altitude and range, and for user-selected val ues
of radar target cross section, site elevation, peak power, receiver sensitivity
paraneters, antenna tilt, and principal-plane elvation patterns for one or
two antenna beams. The patterns consist of up to 54 gain val ues spaced one
degree apart. The prograns al so conmpute upper and |ower beam receiver noise
tenperatures, and range and el evation of the radar horizon line of sight

for the given value of site elevation. CVR®& nakes the conputations for

a single input value of antenna tilt. CVRA O makes the conputations for

ten values of antenna tilt. The user selects the nomnal internediate tilt
value and the increnment between each successive tilt.

The programis based on the assunption that the |ower beamis used for transm ssion
and that one or both beans may be used for eception. It also assumes that

the surrounding terrain is at mean sea level, and uses propagation refraction
corresponding to 4/3 earth radius.

HOW TO OPERATE THE PROGRAM

1. Signon at the time share termnal (see CDC Users’ Manual).
KB, user nunber, charge nunber. Then password when request ed.

2. Cenerate and name an input data file, as described in the section bel ow
entitled Input File. Store this file in the tinme share systenis pernanent
files. this step is unnecessary for ARSR-3, ARSR-2 and FPS-60, as input
data files for these radars entitled ARSR-3, ARSR-3, and ‘FPS-60 have already
been permanent|y stored.

3. Qall up Program CVR& (cCvRG10 if conputations for more than one val ue
of antenna tilt are desired) as primary local file as follows:

OLD, CVR& (or CVRG10)

4. Get the input data file fromthe tine share permanent files and run the
program by doing the follow ng:

CGET, TAPES = (input data file name, either ARSR-3, ARSR-2, or FPS-60)
READY $
FTNTS (to enabl e FORTRAN conputer)
READY $
RUN
($ denotes conputer’s autonatic response)
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5. Thelocal termnal then prints the input paranmeters, except for the
antenna pattern, with appropriate format, at the local termnal (see figure
2b),and also stores the entire set of input data and output data on a
local file named TAPE7.

6. To dispose the TAPE7 data to a high speed-printer, performthe follow ng
operations at the local termnal.

BATCH

$RFL, O

/RFL, 20000

RFL,20000. $

/REWIND,TAPE7

$REWIND,TAPE7

/DISPOSE, TAPE7=PRE

$DISPOSE,TAPE7 = PRE

INULL (this takes the term nal out of the batch node)

READY §°
Note: a number of runs may be disposed in this manner, and printed |ater
using the procedure bel ow.

7. To print the results stored in the output files at the system s high-
speed printer, proceed as foll ows.

Turn on high-speed printer (POAER ON & START).
Activate its associated CRT data term nal.
Type in: IMPQ, (user no.), (password), KB.
Operate SEND key.

The printer then prints inputs and outputs for all stored runs previously
"di sposed”.

I NPUT FILE (IWO-BEAM RADAR CASE).

The input data file is unformatted, and is conprised of a series of 129
nunbers separated by commas (130 for CVRG10). A sanple file is shown in
figure 1. Decimal or integral input numbers may be used, except for the
two cases noted below. The sequence shown is nandatory, and all itens
must be inserted. An explanation of the various inputs follow

The first 108 nunmbers are the user's inputs for the radar antenna el evation
gain patterns (in dB) for the upper (A) and |ower (B) principal azinuth

plane beams, startingat 9 degrees bel ow the beam peak and spaced at one-
degree intervals up to 44 degrees above the beam peak. These inputs alternate
between A and B beams, starting with the A beam

Thelast 22 inputs are the various radar system paraneters in the follow ng
sequence:

Page 2
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. Ahzo QA. an hl' £, ?A' FBI B, C, I, 130

N, NB' AR, o, LA’ LX’ I..B, TA’ To, P, AE

vhere
Ahzz The first aircraft sltitude (ft) for which si gnal - noi se
calculations sre to be made, snd the altitude step be-
tween each succeeding set of calculations. An integer
value must be used. Suggested value: 2500,

QA’ QB: Elevation of the nose of the upper and lower beau8 rela-
tive to the horizon (use negative values for nose position
above horizon).

hl: Site (antenna axis) elevation (feet above sea level).
f: Radar transmitter frequency (MHz),
l"A, PB: Upper and | ower beau noise figure (dB).
B: 3«dB receiver bsndwidth (kHz).
c: Bandwidth correction factor (set to 1).
. I, IB: El evation angle (deg) of first data point -of upper and | ower

antenna patterns. In the sanple run, -9 degree8 bel ow the
nose is used for both beams.

N : Reference sngles for upper and lower beams, usually set
to zero.

AR: Incremental value of target ground range par anet er (nm).
Integer value must be used, Suggested value8 10 for en=-
route radars, 3 for terminal radars.

O: Tsrget radar crosssecti on (square neters).

Upper snd lower beam receiver loss (dB).

Transmitter loss (dB).

G

Antenna noise temperature (100 deg K for nose of beam
2 deg sbove horizom).

&®
For CVRG10, these are the walues for the fifth of the tea calculatlone.

‘ Page 3
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Tyt Act ual receiver tenperature (290 deg K).
P: Peak transmtter power (kW).

vE: I ncrement of antenna tilt between sucessive cal cul ations
(degrees). This required for CVRG1O.

INPUT Fl LE (ONE-BEAM CASE) .

When using the programfor a single-beamradar, only the | oner (B) beam inputs
are used. A large number (e.g., 300) is entered for , and any number

usual |y zerofor convenience, nust be inserted for eacﬁ upper beam gain input
and for the quantities Qs Iy Ny» and L,y to allow the programto run properly.

OQUTPUT PRI NTOUT

During the run, some of the input data are printed at the local termna
inthe format of Figure 6b to let the operator know if the programis running
correctly. Al input data, including the antenna patterns, and severa
calculated quantities, are printed on the high-speed printer, along with

the tabul ated signal -noise output data. The printout of the input data

and out-put data are shown in figures 2a, 2b, 2¢, and 3 for a CVRG2 sanpl e
run using a data input file names SN1. Aircraft range is printed out in
nautical niles, aircraft altitude in feet, and signal/noise in dB.

EQUATI ONS USED

The radar range equation used for the signal noise (S) calculations is:

C2 Pa ~ GT GR
S = X X- A

am3 szsz B R

See table 1 for an explanation of the variables. The first of the above
three factors is invariable, the second includes all the single-valued
data inputs, and the third includes the variable paraneters.

The system noise tenperature, To, IS obtained frominput variables for
the cases of the upper and | ower beans by:

T, = T, +290 (L-1) + LT (F-1)
where different values are used for L and F in the cases of the upper
(A) and | over (B) beans.

. 2
Gy and are derived as follows. 1In the case of the [ower beam =Gy
and in the caae’ of the upper beam GG = C where G and G; are tgé
interpolated val ues of the upper and romer ﬁe511ga|ns o4tained from the
I nput antenna gain data (see Input File section).

Page 4
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The values of R are conputed from

2

(h,-h.)
R - /Rz.’.._.z—-li_
g 6080

where Rg and H, are multival ued inputs, and h, is single val ued.

The horizon range (Rh) is conputed from

Ry -1.23/3'1‘

The el evation angle of the horizon (eh) I'S:

eh = 0.0108 /2h1
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Tabl e 1 Bxplanation of Vari abl es

Variabl e Program Name Units
S SI GNOS Signal /noise ratio for 50% target
uwetection probability
c Propagation velocity n/sec
P TXPOW Peak transmtter power kW
SIGMAW Target cross section 8q m
f FREQ Radar transmtter frequency MiHz
Lx ZSYLOS System | oss factor
I‘r ARXLOS Recei ver |oss factor upper/|ower
BRXLOS Beam
h1 HIVALU Site elevation ft
h2 KH2VAL Aircraft elevation ft
F ANF Radar noise factors, upper/|ower
BNF Beam
B BW Recei ver 3-dB bandwi dth kHz
Rh RLS Horizon range nmi
R8 ZRVALU Target ground range nmi
R ZRVALS Target slant range nmi

G.r Line ofsight gain, transmt antenna

GR Line of sight gain, receive antenna

(:A AGAIN Li ne of sight gain, upper beam

Gy BGAI N Line of sight gain, |ower beam

T, ATSVAL,BTSVAL  System noi se tenperature deg K
T, TVALU Antenna noise tenperature deg K
T, TOVALU Physical tenperature of receiver deg K
6 THETA Angl e of 1ime of sight to horizon deg

Page 6
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Figure 1. Sample Data Input Set
0.5,2,4,5.5,6,7,5,4,12,12.2,
20,22,25.6,27.4,29.1,30.7,32,33.3,32.8,33.8,
32,32.4,30.4,30,29.7,29.6,29.5,29.8,28.8,28.7
27.5,27.7,27.1,27.5,26.6,26.5,25.3,25.6,24.6,25.4,
ANTENNA 24,24,6,23 2,24,23,1,24.2,23.1,23.7,22.6,23.5,
PATTERN 22,23,22,22,21,22,21,22,22,22,
DATA 22,22,22,22,22,22,22,22,22,22,

22,22,22,21,22,21,22,21,22,21,

22,21,22,21,21,20,20,19.4,19.4,19.4,

19,17,18,16,17,15,16,14,14,13,

13,10,12,11,12,10,11,11,

MISCELLANEOUS 2500,-6,~2,1260,1300,3.5,4,500,1,-9,-9,
INPUTS 0,0,10,2,1,3.1,100,290,5000,0.5
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FIGURE 2A
ANTENNA GAIN TABLE

UPPER BEAM LOVER BEAM
—ST0 DEGRELS GAIN DB GAIN FACTOR  DEGREES GATN DB GAIN FACTOR
'9. o 0 u.——l‘.l.z.%_s,l.z.- -_?.DU . 2.00 10585
—Laqv—g'g—z‘j- . Be L 0 5,50 —""3.548° "
3 -T7.00 6.00 34981 =7.090 Te00 5,012
& ~6.00 5.00 o162 =600 4,007 2.512 ™
5 aveuvur5.00 12.00 15.849 ~qveuu~5.00 12,20 16596
T D 3,00 ¥ UU20%55 00100 U0 eco=3.00 7 TC 22,00 T58.%89
7 25.60 363.078 2T <40 549,541
8 =2400 29%3V 0 BY2.3%1 <2.00 3070 —1174.898
9 1,00 32.00 15864,893 -1.00 33.30 2137.962
—10 '] 00 32eoB0—T305. 467 T 00U 33«8 0 —2398.833~
11 |:00 32.00 1584,.893 1.00 32.40 1737.801
T2 2<00 SOV 40 1S 7fe~ 1o 478 Zevu UU 3Juevv VT 10005000
13 3.00 29.70 933,254 3.00 29.60 912.011
18 S«00 297 e B9T1.251 4.00 29.8 0 958,993
16 5.00 2T28%62. 341 §758.5 27.7T0 588.844 28741.310
Qevw
17 7.00 27.10 512.861 7.00 27.50 562.341
1o 8 Sevv 26%a (14 45T ~a:13%%c g XA Zbcoeovwol 3A3465.58%
19 9.00 253 1} 338,844 9.00 25.60 363.078
—20 TOZIvs0U 24860 2BBLADS T0.D0 25410 346,737
21 11.00 24,00 251.189 11. 00 24.60 288,403
T 22  123=s sev TSETIT 12400 28500 251189
23 13.00 23010 2040178, veuv 13.00 cues Me20 263.027
=2 1% = 00235 T U201 7% 15, 003t 23 ¢ 50257 u—23%, %23
2% 15.00 22460 181.970 223.872
— 26— 16T5+00 22%vu 00 5B~ Thiosevu UU 23.00 199,526 —
27 17.00 22.00 1584489 17.00 22.00 158.489
r4) 18 soe'v'y dievu cO L6 I30070 18 200UV 2200 158.8489
29 19,00 21.00 125.893 19,0000 158,489
— 30 20<ueCO ZZevu U0 158.389 2000 2200 158,489
31 21.00 22.00 158.489 22.021.00 158,489
— 32 dZ~ceUU 225030 158 1J3T-o> 22.0 ©U 22,00~ T 158,489 —
33 23,00 22.00 1150 248> 23.00 22.00 158,489
T 3&  2¥< eCU 22V 00 138 158489389 2%,00 22,0 O 158,489 -
3% 25.00 22.00 25.00 22.00 158.489
36 26Tcevy 2Zevv 00U 2oV % Yo > 489 cCOsuUL (1A 2200 IS8+ 489
37 27.00 22.00 158.489 27.00 21.00 125893
—3Ig PBcos00 TZev o0 U 158 ce %89 28,00 21.007 125.893
319 29.00 22.00 158.489 21.009,00 125.893
T80 305vs 00— 225wy 00 158. %89 3000 21.00 125893 7T
41 31.00 22.00 158.489 31,00 21.00 125. 893
82 325celU clevv 00 125%Gr9 895 JEevvu U 21UV 129893
43 33.00 21,00 125,893 33.00 20.00 100. 000
T 44 3455eCD cTevu il 100000 34,00 19.40 T BT.096 T T
_:5 3500 igﬁ_ﬂ . 8“73.‘096 6.0 35.00 'IT.0109'~0 .87.096
JDODe VY F7evaw 50.119
47 37.C0 18.00 63.0986 37.00 16.00 39.811
L)) 3Boo0evn 1700 S0e119 3B8evu 15.00 31.823 I
49 39,00 16.00 39,811 39.00 14. 00 25.119
—a 30— 0yursor—TI4,00 5119 ¥0.00" 13.00— 19.9%3- -
51 41,00 13.00 19.953 41. 00 10,00 10. 000
—352Z A2 SCce v T 00 15, R T 42,0011 .,007 "I1°2— 589 ... -
53 43.00 12.00 154849 43,00 10. 00 10. 000
o4 33.00 IT.00 12.589 3% .00 11.00 12.589 "7
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FIGURE 2B
OTHER INPUT DATA o
TX POJER = 50 UPPER TILT REF = 6.00 DEGREES TARGET SIZE "= 2.00 SQ@ METER
‘ﬁ?—U?Ffi—3——————————UE—————IEWIW‘TTIT‘if?‘E““!‘nuDEGNEEE""‘REt“tUSS“UPPER’:‘*“1.00 1] T —
NF LOJER = 4.00 DB UPPER LIMIT = =9, DODEGREES REC LOSS LOWER =  1.00 DB
FREG = 1300.00 MHZ  LOWER CINIT ™~ =777"29,00 DEGREES SYSTEM LOSS = 3,00 DB
_BANDWIDTH = 50000 KH2 JPPER_NOSE = 0400 DEGREES SITE ELEV = 1260400 FEET
BU FACTOR =  1.00 LOWER NOSE 7~ 7= 0,00 DEGREES ™~

FIGURE 2C,

CALCULATED VALUES

RADAR LINE OF STGHT = 43,66 NM
ANGLE TO RADAR HORIZON z -.54

REC LOSS FACTOR UPPER S 1.26

REC LOSS FACTOR LOMWER = 1.26
TNOISE FACTOR JPPER T 2. 2477
NOISE FACTOR LOWER 2 2.51
TSYS NOISC YEMP UPPER™ 2 782733

SYS NOISE TEMP LOWER = 127.06
SYSTEM LOSS FACTOR = 2.00
RADAR FIXED PARAMETER UPPER = 2638419

"RADAR FIXED PARAMETER LOWER = 2276432
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| NDEX

Abbrevi ations, xvi
Access Roads, 155,176
Aircraft
G ound Speed, 55
Maneuvers, 53, 55
Radar Cross Section, 58, 59, 117
Types, 14, 53, 55, 59
Al titude Coverage
Requi rements, 170
Angel s, 123, 124
Anomal ous Propagation, 123, 144
Ant enna ARSR
Gin, 5 7, 12, 23
Hei ght, 11, 64,105, 137,170, 195-202
Radiation Pattern, 5, 7, 8, 10
Resol ution, 5
Sensitivity Time Control (STC), 7
Tilt, 5, 15, 170, 207
Ant enna, ATCRBS
Beacon, 26
Gain, 27, 31
Hei ght, 50, 170
Omidirectional, 26, 31
Radi ation Pattern, 29,30, 32-34
Apparent Echo Range, 227
At nosphere Effects
Anomal ous, Propagation, 123, 144
Corrosion, 137, 149-150
Precipitation, 10, 25, 148
Refraction, 64-68

Bandwi dth Correction Factor, 58
Beamii dt h

ARSR, 7

Beacon, 31
Boundary Di agrans, 64, 202, 204
Brewster Angle, 112
Bui I di ngs, 151

Cabl e Requirenents, 27, 179

Canera, 183

Cutter
Anal ysis, 219-224
Clutter Cell, 118
Cross Section, 117,118, 120-121, 223
General, 7, 11, 13, 64, 115-118
Sea, 141
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Cone of Silence, 172, 181
Cost Analysis, 229
Coverage
Dropout Region, 133, 136-137
Factors, 54, 56-58, 62
Loss, 132
Loss Duration, 225
Pol ar, 203
Range, 60-63, 172
Requi rements, 53

Data Link
Cable, 50, 179
RML, 50, 179
Degraded' Performance
ARSR 137
ATCRBS, 137
Di screte Address Code, 25
Di screte Address Beacon System 25
Doppl er Frequency, 132-133
Dropout Time Critical, 132, 225

Earth Atnosphere, 64

Earth Curvature, 64

Earth Gin Factor, 217

Ef fective Antenna Height, 137

El evation Angle
O Screen bjects, 196
To Fixes, 198

Environmental |npact Assessnent,
154, 228

Equi val ent Earth Radius, 67-68

Fal se Targets
Anal ysis, 124-126, 218-219
Bistatic Cross Section, 124
Cause, 124, 132

Fences, 151

Filters, Canera, 183, 189-190

Fi xes (See Navigational Fixes)

Flat Terrain, 102

Fresnel Zone, 105, 112, 214, 215

G ound Characteristics
Conductivity, 115-116, 194
Roughness, 102-105, 140
Reflection Coefficient, 112, 114
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Hot Spots, 56

Index of Refraction, 64, 144
Integration, Pulse, 21
Interference, 18, 152-153, 193
Interrogation Characteristics, 35
| nproved Side Lobe

Suppr essi on (ISLS) 44-45

Land Availability, 154, 175
Legal Requirenents
Property Acquisition, 154-155
Li ne- of - Si ght
Anal ysis, 204
Boundary Di agram 64,202, 204
Definition, 64
Exanpl e, 206
Optical, 702
Radar, 64
Wr ksheet, 199, 204
Lobing, 76
Losses, 36, 125-126

Maps, 166
Movi ng Target |ndicator

ARSR oOperation, 7,18, 20-21, 117, 132

Mil tipath Effects, 39, 41-43

Navi gational Aids, 165
Navi gational Fix, 53, 54, 168, 200
Noi se, 57, 115, 117, 122

bst acl es

Cl earance of, 66

Screening, 66, 123
Omi di rectional Antenna

(See Antenna, Omidirectional)
Optical LGS, 72

Panoram ¢ Phot ogr aphs
Anal ysi s/ Use, 195
Preparation, 189-190
Taking of, 189

Passive Horn, 11

Performance Capabilities
Pol arization, 10
Passive Horn, 11
M, 5, 21

Per manent Zchos, 64, 74, 142

Phot ogr aphi ¢ Gui del i nes, 189
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Planar Array, 31
Pol ari zation, 10, 147
Precipitation, 10,115, 124, 147-148
Prelimnnary Investigations, 159
Acceptable Site Areas, 175
Anal ysis, 167-175, 179
Boundaries, 167
Checklist, 177-178
Criteria, 180-181
Data Sources, 159, 166
Environmental Factors, 176
LCS, 179
Potential Site Selection, 175,180
Range Coverage, 168
Site Inspection, 175-176
Site Zoning, 175
Propagation Effects
Anomal ous Propagation, 123, 144
LOS, 64-68 -
Over Curved Earth, 64-68
Pul se Codes, 35-38
Pul se Duration, 16
Pul se Integration, 117
Pul se Repetition Frequency (PRF),
4, 16, 23

Radar, ARSR
Equation, 18
Frequencies, 16, 56
General, 3
Paraneters, 4-5
Performance, 11
Radar, ATCRBS
Dead Tinme Circuit, 49
Frequencies, 25, 26-27, 56
Interrogation Repetition
Frequency, 35, 56
Modes, 35
Reply Signal, 35-38
Radar, Hei ght-Finder, 52
Radar, Primary/Secondary, 4, 25
Radi ati on Patterns
ARSR, 7-10
ATCRBS, 26,29
Radar, Resolution Cell, 146
Radi al Velocity, Mninum 133
Range Coverage
ARSR,4, 6, 10, 16, 57, 60-63, 170
ATCRBS, 62-63, 126, 207
Range Azinuth Gating, 21, 23
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Recei ver
Pul se Integration, 21
Sensitivity, 18

Refl ection Coefficient, 76, 112, 114

Refl ections, 39, 41-44, 74-76
Structures. ;. 151
Fresnel Zones, 105, 112, 214-215
G ound, 103
Point, 103

Refraction, 64, 67, 145-146

Remote M crowave Link (RWL), 179
Ring Around, 39-40
Road Construction, 155
Scan Rate
aRSR, 10, 23
ATCRBS, 23, 26, 31
Screeni ng
Angle, 66, 68, 71, 195-196
Cose-in, 74
Horizon, 65, 68
LOS, 64, 66
ostacle, 66, 68
Survey, 176
Second- Ti ne- Around Targets, 50, 227
Sensitivity Time Control (STC) 20, 49
Shielding, 74, 23
Side Lobe Suppression (SLS), 26, 39,
42- 45
Site, ARSR/ ATCRBS
Anal ysis, 53, 194
I nspection, 176
Layout, 51
Survey, Communications, 182,184, 190
Engineering-Construction, 182,187- 189
Survey, Costs, 182
Survey, Environnental
Typical Site, 154
Siting
Access Road, 155
Approval , 165
Cear Area, 152
Qui del i nes, 152
Report, 232
Requi rement s,

182, 191, 194

155, 165

6340. 15
| ndex

Skyl i ne
El evation Angle Survey, 184
G aph, 185, 186
Sub-refraction, 146
Super-refraction, 145
System Loss Factor, 58

Cour se
224-227

Tangentia
Anal ysi s,
Terrain Type
Coastal, 140
Flat Earth, 142
Mount ai n, 142
Overland, 141
Urban, 143
Towers
ARSR/ATCRBS, 50, 105, 170
RML/Others, 50
Traffic, 143, 175, 179
Transit, Surveyor, 183

Utility Requirements

El ectrical Power, 156
Sanitation, 157
Water, 157

Urban Sites (See Terrain Types)

Vehicular Traffic, 143, 175, 179
Vertical Lobing, 74-87, 140, 214
Vi deo Enhancenent

(See Pulse Integration)

115, 124, 146-147, 167
177, 188-189, 199

\\éat her,
\Wor ksheet s,
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